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T>omp(i»iti(iii hsve nn inflnoncB on tho lemiltB 

1 for sancletoDe is applied here. Good claj 

arter eipoaiue to b Btrong heat, a compact 

■* tempering of clay has a decided iaHuenca 

__ _ _, fumacea are required to form good iire- 

MUtBi '"""^'^^ *'"* great facllilj into an; sliape, 

^".^Bt quality is CBiiBed by the presence of luore or 

S Sm^'* ^"^^ plastio. However valuable Ibis quality 

JM Ml S"^!"'"' >t '^ °' littlo Q^ to the metalliugiat ; 

I Mills' JiubfttaDce which resitta On ; the ooorse formg 




f(lSmB^JWjiMgL^t auhiitanpfi which resitta Are ; 
^^ u<°^L^»ilBfcip>BpgrnB of tfnap.itT. In order to test clay, it !a 
b>^B l&nBB4^^ifQ fQ^S'l of half an inch in thickneaa, which are eently 
||g.F^B''flB4jHf v9Hit> B"'' "'^'^ eiptiBed to a strong heat. Wl 



Bitf^BTi mixed with a large quantity of aond; tUso 
g^a|lier». .It> chief u«e% In ' 

^1^ it is cemented by beat it is eitremely bard. 

■""— in puddling furaacos, for vrbiob it in adapted 

iceedingly well. 

. -._ ._— .—jd in many iniitanoeg it ia very donbtful if the 

iJMwiBlOTSiily a modification of it in form, cbaracterized 

>^fi6l4SAUlAS> These alatea resist fire well, if not too much 

"ifffitrffthiifli'n The quantity of quartz deteiminea the 

' ^jSvySAiflTeiiieQt, bocausein moat inat&noea it is easily 

^JkS^ slate, gneiss, porphyry, granite, and similar 

" 'kf&til their quality depends eutirclyon a peculiar 

^f9z^f'>ctoi7i Kud are all liable to be broken by 

,iggAfi8*.nas'^i riMdfluS!^ eanoot be obtained, or the purpose require* 
, --- ~ -MSS<%9l«1>S6£BA£8iW?&^C^npOBed, such a« clay and ailex, are pouuded, 
, V J^Siai^itiS&JiSa^S&nSSMiiiiiy form that may be de<irad. Quartz, which 

^^ aa-r^ Aa J ea^i^^^u^i^u^^ besides clay, ia pounded in stamping mills, 

~^%ither pciformed dry, which causes much dust 
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voae by paasiDg a current of water tliTongh the 
^^^tn which it settles, and the water flows off. It 
wi*j^ quartz, it may be upoaed to a red heat in a 




gtsin of wheat, or tm&IIer, three parts are 

lole Kell Knked with vater, and diligently mixed, 

irely air-dried Of this mixture, bricks and slabg 

ererberatory, puddling, reheating, and all Huch 

in the Borface of the brick ; for though they am 

by solid matter. Bricks of this kind may be 

to make them compact, tliey arc not generally ; 

artificial sandsEouea, or flte-brick, are in anoy 

are cheap irhere tba materials are close at band, 

S?il3ing and drying causes hardly any expense. An 

--' wiui remarkable facility, for the brick is 

'' auBCB the latter to dryqnickly; tbis 

and aa tbe mortar itself is bat the 

is done very cheaply. In Ibis case, as in ell 

- of the clay and eand ; too much Ubour 

plaatio clay with Band, it is the object to 

of Bilel, and produce by that means a 

from friable efots. This 

ling boehes, and evea beartbe. in furnaces. 

the beet, rammed down in a moist condition, 

tt Iquired, BQch M are mode of slaty day, or of kaolin, 

'~\ the Alleghanies, it is iieceBsary that the materials 

Jj' to the ^te clay. The clay of the coal regions, 

'flpnsed for some time to tbe atmosphere, under the 

' :ea ; and when exposed for a season to frost and tbe 

GonTerted into a fine meal, which is easily ground. 

of the refractory quality of the clay, it is mixed 

_ itself, and then mixed in due proportions. The 

led by applying scientitlo principles; this must be 

1e by mixing various quantities, and exposing them 

for these purposes must be taken either from pure 

^toms. Sand obtained from pounded sanrlstone, or 

puis forfiiG-brick,oifoTietcat« or crucibles. Clay 



'i-'Wf^rfi&^l^&nm an inverted « 
|-SgT»3*g5^a^*»f^thls clay-mill is a - 
■ |3agMC^:i^l?«T^Wof wood, bntis better wheo made of iron; 



rOONDISG AND CASTING. 163S 

kniTM mmt be in b11 cbmb of iron. The latter arc ii little twistt^, so aa to caoaa the cla; to 
move dowDirard. The tempered claj la thrown in at the lop, and the mill always kept fulL At 
the lower end of the cylinder, doee to the bottom, is a aqiuire hole, through which the clay ij 
pressed, and issues continually. Thia square hole is provided with a gate, ao aa to regulate the 
qoaDtity of clay which ia permitted to pass. If the clay is not suBciently mixed by paaaiug it 
once through the raill, the process is repeated ; in aome cases thia ia required live or six timei. In 
aome instances the linivea are provided with projeclicg points, bo aa to keep the clay in canstant 
motion, as shown in the engraving ; thia may be advaatagmus, but it requires more jtoner thnn 
plain tmivea, and a stronger machine tlian can be mndc of wood. Ttiia mill, of course, may be 
driven by horse-power, aa shown, or by a water-wheel, or a slenm-enKine. When circumstauces 
admit, it is advantageous to temper the clny when warm ; this causes the nir or i^ in tlie pores of 
the clay to expand and escape, so that a close contact of the particles mny be accomplished. It has 
been proposed to mix carbon, either in the form of graphite, or anthracite dust, or coke-dust, with 
the clay of which fire-bricks are to be mnile, but we are not aware that it has been put in practice 
(o any extent. For crucibles, such a mixture ia used ; the black-lead pot is one of the kind, and 
the pota in which caat ateel is melted are another kind ; the latter are generally a composition of 
day and coke-duat. For thin pots, and similar articles, we perceive no ohjectiou to coal, but in 
bricks and other heavy masses there are serious objections, which have been confirmed by expe- 
rience. Cool, no matter in what form, causes always the formation of gas wlien in contact with 
oxides, such as clay and iron. If the substance is thin, such as a crucible, this rhs may escape on 
the unglazei) side ; but if the mass is thick, it must escape at the hotteat, or glazed, surface, and 
is the cause of a premature destruction of the fire-brick. Cool diminishes the shriQliBge of clay, 
and thus far it is advantageous in the clay of crucibles, in preventing their fracture when in fire. 

Fire-bricks are not generally manufactured from raw clny. at least not wholly of it ; and there 
is no doubt but that a twice-burnt brick is superior to a brick made of frcsli clny. The prepared 
and ground clay is subjected to one fire, either in the form of brick or in lumps, then cround and 
mixed with about one-third or one-fourth of fresh clay; this mixture is formed into bricks and 
baked. Some of our manufacturers do not follow this method, but there is no doubt, if their bricks 
are,gt»d now, they would be far better if baked twice. For tliis reason, brickbats, ground and 
miied with a little fVeah clay, will foini a superior brick to the original brick made of raw clay. 

Fire-bricks, in order to be baked, are generally subjected to a strong heat, in ovens built in a 
peculiar manner ; this is not necessary if the bricks are not to be transported far, and if too much 
clay is not naed in the mixture. In the latter case the brick is subject to much shrinkage, and 
when exposed to the heat in a fumace the joints between the various layers will separate and allow 
the heat to penetrate, which Dow acta on many sides and soon destroys it. All that kind of Ore- 
proof material which must be transported, or in the composition of which a large amount of clay is 
necessary, must be baked; but those bricks which are manufactured and used on the spot, and 
which contain a largo amount of silei, do not require baking previous to their use. In Fig. 2965 
is repieaentad a vertical aection of an oven ia which flre-bncka are baked. It is in appearance 
•imilar to a poKelain kiln, only not k> large. The diameter is generally from 10 to 15 ft., and 



equally as hirfi, according to the quantity of bricka to ba made. One cubic foot of space ndl con- 
tain eight biwk» oTlO by 5 in. The capacity of an oven is thus easily calculated. One obarge 
wiU tale a week** time— three days for baking and three for cooling. Tlie oven is built wholly of 
fii«-brick, secured by iron tires and vertical binders. The floor is also fcnoed by fire-bnck wilh 
dnft-boles or Sues, as shown in Fig. 2986, wherein four fire-placea ore indicated. This oven rony 
be operated by one or two fire-places, but there Is no harm done In having more of Ihem, iiia 
flrfr-places may be without grate-bars in case wood is used «s fuel; but when stone-cosl la burned 
there must be grato-bara, which are withdrawn and the stock-holes shut will, sshca when the baking 
is finished. At the top of the oven is a round aperture of about 20 in. in iHameler, through wi.ich 
the hot uses escape : when the heat is at the highest degree thi.f tc^i Is ehut by an iron plate. At 
the floor ther« is an entrance of 8 ft, in height and 2 ft. in width, through which the ovph is set, or 
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, which are removed when the hnt b flniihod 

also ducharged. There, are varioua fomu of 

' thoM most Erequentlj found and to all 



!" ^^fB< jCa.lS--CiS I <K kdinary plan of moulding with odd-side boiea, Ihe 
W^S&i'^ tillCO imbedded portly in the sand of the top boi, or in 
__M^R|lB HJtjj ^^^Stfre bottom box ia then placed upon it and rammed 
" n Ihe boxes are then turned over, and the top box or 

J & in the bottom box I parting sand is then applied, 
Btcm itill remaining between; tlie boxes are then 

Jf/m box turned over, and the pattern left upon the 
. the sand of the two boxes has been completed, by 
.Am, the top box ia again placed upon the bottom 

i»li first partiaUy imbedded in Ihe nnd of the bottom 

't parling surface been accurately formed, the top 

jc of Pana, or other similar material, to which the 

«acur=»vB^ncw «a -he boxes are turned orar, the sand carefully taken 

4 9f ■• P^O BJtffl^i&'Hted with it, F^. 29S8, using clay wash to prevent 
wSsQB^&ninf Ikl )M tu a correspondmg piaster mould of the lower por- 
llwpB^BlFw^rf'SkfiS')*; be called the units blocks, as they are not used 
^<»li jMfcBfeM'' iS^iS&^eqttently destroyed. 
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' " "" "^^'^^^^i^^^^^ ''" °'"' '"'^ ^""° *^°^ ^^^ blocks, Figs. 29S7, 
t r-i " JP^R*^^''*^ lSS|>t^&<g upon the bottom box a second top box, an eXBCl 
-• -■nJ!Hs!?Skl&)afl^^(«?3i|i with plaster (having used clay wash as before), 
* -•*' ;rM£«l£b s^ii^anl&^d moulOs are thus obtained, from which tlie final 
~ •"•^ ^ntf't^iimt&t BsSriifcX J^ih as ramming blocti, upon whioli the sand forming 
i> -1 -SC ijB3iA"A9aili^S»aH3atB top box, Fig. 2992, upon the rammiDg block. 
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.^_ —.1, npon the ramming block. Fig. 29S9. 
i^ibed previously in the oiiginal gaud mould, and are 
■■"fig*. 2989, 2990, by oorroBpooding projections or rilra 

_ ,^he other (which are then stopped up vrith plaster), 
,tSSwVd moul'Is, Figs. 2991, 2992; these lui therefore, 

ti^flete mould for casting, just like an ordinary sand 



IT desired. The pnrting being 

Buoeeediiig ones are neoegsarilv correct, without 

•J}j trimming the original and slightly poring down 

|te, the faces of the final sand moulds have a cnrre- 

the flrat trial, to fit so cloeely together tliat prnc- 

our of forming the gits and runners afresh for eacli 

' M -i™^'*'!' "nprinted upon each mould in the process of 

iriH^aSfsraided of imperfect castings arising from want of 

,- .. — J*l»8V^gp fills, Ao., by the moulJer in the ordinary process, 

'£iffi^i^:^i&^ (TOull castings, where several trials may be required 

WVa''C|S;t'TJilSvertamed so as to ensure sound, good castings; and 

" "■ " •'1^'^f^ pl'n i* ensured, without requiring any further 

for the toe 

__ _ , a by this u 

* -4^i»4°.o^«iJWc pwt ot the moulder. 
' f^'<^yW*l^^W''W"'^ """* '*^'" "*** rad'"«ry Ubonreri are quito 
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I ui> but rammmg the sand upon the 
pnttem, and putting them together 
"■"tre; and also it is much eitaiFr to 

; the [Httero from the face of the 

solid masa in the new plan, it can be 

.w— .-.— ■■— mrnHi lui lu the cue of an ornamental fender 
i>|Jg|^niiCaDdlng, KB in Figs. 29^1 to 2996, the difficulty 
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!^l»^j^&t M to reqaire the most skilful workman ; and 

bai^t;4|*y the tnould, causes about eight seU of fender 

hiiamia&get that c»n be moulded by each man and boy. 

tt'«^oiSt»In the ordinary way (if it is arranged to draw 

^i^WaeS* ^Kon the labooi is very little greater than with 

i^66i^oEsgcD0(fc»hat ag many aa thirty a day are moulded on the 

iEaii|ig^>i)^^ia^|iClie number that the beet moulders can produce 

iii^ to bo broken in the frequent haodiing to which 

9mQ<ind the eipenee and delay caused by breakage 

mental work, where the patterns are often rery 

ntbtded, as the pattern is never handled at all 

Dtbe ramming blocks, 

Vrtionlarly well finixbed (as in the ease of orna- 
te, and ia dressed up and finished to the degree 
■bg ol ether additional ornament put upon it; 
lil box by a pleister-cast from the pattern in tlie 
A itself is made to form the permanent face of 
U by leaving it in the mould vhin the plat>ter is 
9«ing faoe, and a solid back to the pattern. In 

mii of the box by teveial small bolls screwed up 

[£thf&laater Is poiued in, filling op the whole vacant 
f tfr t~^ J i^5dJ!3M3»^£i ^BiuiVIhW* <cals and over these nuts, the iron pattern becomes 
1^ ■ ■> t. ' «. ii'{>fa!Slj&t1af^ii]^a«^&'9?tia£*Ving it ia subjected to afterwards has any risk 

•^ JWtal. ■a.iii3.i£5.-w-iaB.iBo..a.iS£. 

■f < &i^S)li£^^^ne<cSf«|9r^ling is formed from the original metal pattern, 
r ■ '&lf^l^leV£«cs^KBtiBiTscured la the plaster bed, «o tbat however thin 

^ . -. ^ A<w»af.O£.tia«— .»-.i^^Jii.?~iJ,fs Rrtideistaken, that aamanya»3000bave 

, . the most 

.urable for general 

t fall directly upon 

ig. When a greater 

when the size or nature of tbe 

loyed for the ramming block of the bottom 

'bis la formed simply by running into the 

metal, oonsisting of Eiue hard^ied with 

Ig plate for " 

. .._. . pLMter as u 

sWrunning this metal for the fEuw of the mould, by 
'- -'- '-" -'—--' ■"-— '■'" — ■■' -"■ — -■ — iringoff 

in,flll- 

The s>Dd in the upper box at the twck of 
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a strong plate for tbe surface of tbe it 

jJ^ltSt*^ filled with plaater as usual. In practice it ia 

— '— -i DSrimning this metal for tbe f£«!B of the mould, by 

tlk^^, full of sand, then lifting it off, and paring off 

naf^ to such depth (about t of an in " 

J — J i_ :i. (v.Ti,gj position the metal 
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the metal face is then all removed, without moving the box (part at a time if requisite) and plaster 
poured in above to fill up the box and make a solid back as before. 

The metal face is firmly secured tc^ the plaster back by several small dovetail blocks cast upon 
the back of the metal, by cutting out corresponding holes in the sand mould before the metal is 
run in. Various modifications of this plan of construction are employed, according to circumstances, 
for economy or convenience, and sometimes the face of the ramming block is partially covered by 
separate pieces of metal ; but in every case the entire face of the two ramming blocks forms a per- 
fect counterpart of the intended casting (half being represented upon each), surrounded by parting 
faces which exactly fit one another, because the one has been moulded from the other. 

Where the pattern is long, and a metal face is employed, a narrow division is made, sub- 
dividing the metal face into two or more lengths, to allow for the shrinking of the metal forming 
the face, the effect of which is then found to be imperceptible. The plaster ramming blocks are 
varnished when dried, to preserve them from damp; and in moulding from them, the faces of the 
blocks are dusted with rosin, to prevent adhesion of the sand. 

This process of producing blocks, though somewhat complicated in description, involves practi- 
cally but little increase of work over the process of moulding required for the first casting pro- 
duced by the ordinary method ; but every subsequent casting, instead of requiring a repetition of 
the whole process of the first moulding, as in the ordinary method, is moulded by simply ramming 
the boxes upon their respective blocks. The ordinary odd-side boxes are used for this purpose, all 
that is requisite being that every top box fits steadily and securely upon every bottom box, so that 
they may be interchanged in the process of forming the ramming blocks, without disturbance of 
the relative position of the pattern. An improved form of the steady pins for connecting the top 
and bottom ooxes has been adopted, as shown in Figs. 2993, 2997, which is easier to construct 
with accuracy. Instead of four or more round pins fixed on the bottom box, and fitting into cor- 
responding holes in lugs cast upon the top box, vertical angular studs are cast on each bottom 
box, and fit against corresponding projections on the edge of the top box (as shown in the plan. 
Fig. 2997, and the section. Fig. 2993) ; the only fitting required in making the boxes is to file the 
touching angles of the pins so as to fit one standard top box, and the projections on the top boxes 
to be all fitted to one standard bottom box. 

It has to be noticed that in the ordinary plan of moulding, and by the odd-side and plate 
methods, one side of a pattern is not available while the other is in use ; by the process of Jobson 
each pattern is equal to two, as it will be evident that both blocks may be worked from at the 
same time. 

Casting Metals under Pressure^ Smith and Zock^a process for, — The apparatus wnioh is here 
selected for illustration, but to which the invention is not necessarily restricted, consists of a rotary 
wheel or cylinder. Fig. 2999, on the periphery of which are arranged a series of moulds, eacn 
formed of a pair of hinged metallic plates, which while the casting is being performed are held 
firmly together between stationary housings, suitable rollers being interposed between the rotary 
mould-plate and the stationary housings to reduce the friction. Each of the mould-plates is pro- 
vided with one or more springs, which, as the rotation brings the moulds successively opposite 
recesses in the housings, cause the mould-plates to separate with a sudden movement, causing a jar 
which effectually detaches and discharges the casting. This effect is assisted by pins wliich are 
driven inward as the mould-plate is separated, and in their retracted position form parts of the 
mould. The continued rotation of the wheel carries the mould-plates between converging planes, 
which gradually close the moulds and conduct their rollers between the parallel parts of the 
housings by which the plates are held to receive the molten metal which is injected into the 
moulds from a cylinder by a sliding piston or plunger. A detachable non-conducting lining is 
applied to the interior of tne cylinder, K L, each time before it is filled, and serves the combined 
purposes of preventing the molten metal setting or adhering to the metallic cylinder, and effec- 
tually pecking the joint between the moving piston and the cylinder. From this reservoir the 
metal is forced through a contracted aperture directly into the moulds, the gates of the latter being 
funnel-shaped, so as to cause no interruption to tlie passage of the metal. A continuous pressure 
is applied to the metal within the cylinder during the casting operation, and the partitions between 
the moulds being tapered to an edge cause no perceptible interruption tu the flow as they pass the 
discharge orifice of the roservoir. The reservoir is mounted upon a sliding bed provide<i at its 
forward end with a segmental plate or standard which fits around the periphery of the cylinder, so 
OS to tightly close the gates of the moulds, and serves also as a mouthpiece for the injecting cylin- 
der. The sliding bed is held up to the cylinder by a screw and spring, the latter permitting: it to 
yield, so as to avoid danger of breakage in the event of any hard matters getting between the 
mouthpiece-plate and the cylinder. The injecting and pressing apparatus may be used with 
equally good effect in connection with stationary moulds, the said moulds being arranged cither 
separately or in any number together, and placed either horizontally or vertically; or in cases 
where it is desirable to cast a number of small articles at one time, any number of moulds, there- 
fore, may be placed together within a single flask or casing, and a single injecting reservoir may be 
used for all. The molten metal may be made to enter the moulds horizontally, or may be forced 
upward from the lower part, or introduced at top, as convenience or various circumstances may 
dictate. For casting a large number of small articles simultaneously, the stationary mouMs are 
preferably arranged in a vertical nest or series, and the metal injected at bottom, the separate 
moulds or parts of moulds being provided with suitable grooves to form, when united, gates or 
sprues for the admission of the fluid metal. A cluster or connected series of these moulds being 
placed together in their flask or casing are supported and firmly compressed by a plate, which is 
foroed against the moulds by set screws tapped into the top, bottom, or side of the flask, in onler 
that the moulds may resist the pressure of the metal when injected, and not part or open at the 
joints, and thereby cause the formation of fins or seams in casting. The entire flask may then be 
.encloMd in a tight box from which the air cao be exhausted by an air-pump of large capacity, 
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lliSjfc — »=Bii6fl ^M^^'l«"™tther metoU dm; be used to good advantage, 
I'WWlllF^i'^twrW"''' "* " repreeeatad in Figs. 2^8 lo 3(KID. 
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WheneTer tbe sii and gaa exhausting pro- 
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nSu'L'>-<!>-Oir-=-'NS^)tk^if^iSw3^r![^B chill and become wt came* diffionltjr ii 
'j-* **'l*'^^''-*_ -"^l*", W>«2«tt^wgAS«Cw; may be heated prior to the introduction of the 






., the Burface of the metal, which witli tlabo- 

i?£d, Beamed, or otherwiae defective appeaiHnce. 
,iWBcnt to a certain estent the sudden chilling, the 
y^lhe alloyi of copper and tin ; and even if metal 
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operation. The surface of the piston K coming in contact with the flnid metal is coated in a similar 
manner. This lining of the cylinder serres several useful purposes ; it serves to pack the space or 
joint between the cylinder and piston, and prevents the intrusion of the metal oetween the two, 
which intrusion would certainly and rapidly clog their parts and stop the operation, as the heat of 
the fluid metal will at once expand the cylinder moie than the piston, and admit the metal between 
them at the joint. It should be explained that the plunger or piston K fits the cylinder, and is 
therefore larger than the internal diameter of the lining, and that at every operation the cylinder 
must be relined or recoated, as such lining is detached from the cylinder J, and pushed in advance 
of the piston K at every forward movement of the latter, the effect of which is to close the joint, 
and prevent the intrusion of the metal between the piston and side of the cylinder, as above s&ted. 
No matter how high the pressure is on the fluid metal, not a drop can leak out, the detached lining 
will pack the joint so much the more closely. The importance of this detachable lining can scarcely 
be over-estimated, since it forms by its non-conducting property the only practicable means for pre- 
venting the chilling or rapid setting, and also the adhering of the molten metal which would arrest 
the forward motion of the piston, and preclude any successful operation. Those acquainted with 
the nature of refractory metals know how rapidly they chill and set if they come in contact with 
another metal surface, even if said surface is made red hot, and it requires several minutes' time to 
fill the cylinder and perform the operation of injecting. This linmg serves also to prevent the 
direct contact of the fluid metal with the surface of the cylinder, which would soon spoil the 
cylinder by the excessive heat of a mass of molten metal, even if the other aforesaid advantages 
were not of such great importance. The nozzle or thimble L (if made of metal) is lined in the 
same manner as the cylinder itself. The discharge orifice of the said nozzle is then stopped with 
a clay plug or tamp / capable of resiBting a pressure of 6 or 8 lbs. to the square inch. The office of 
the plug or tamp / is to prevent the gradual passage of the metal into the moulds. All being in 
readiness, and the cylinder J charg^ with molten metal in quantity somewhat in excess of the 
capacity of the moulds to be filled and placed in proper position, a pressure of from 80 to CO lbs. 
to the square inch, and sometimes more, may be applied to the metal by either a screw, lever, 
or other means ; but experience will soon indicate to the practical operator the proper amount of 
pressure for various kinds of casting. When pressure is applied to the metal the plug will yield 
and pass along in the main gate, giving the metal free passage into the moulds. When the casting 
is performed and the metal is set, the cylinder is readily detached by breaking the metal in the 
gate at the junction of the thimble and the moulds. This ought to be done immediately after the 
casting is done, and before the metid in the gate has acquired its full 'strength by cooling off. The 
remaining head of metal in the cylinder is easily removed after cooling. 

The operation of the rotary apparatus, represented in Figs. 2998 to 3000, may be described as 
follows ; — Any number of the reservoirs J, K, L, may be prepared for use by coating their inner 
surfaces with a suitable non-conducting paste, and filling them with molten metal, the nozzle L 
being closed with a clay plug to prevent the escape of metal. The cylinder J being placed in the 
position shown in the drawings, the wheel B is set in motion, and then pressure is applied to the 
piston K so as to cause a continuous discharge of molten metal through tne nozzle L. The small 
clay plug or stonper in the nozzle being driven out with the first discharge of metal may pass into 
one of the moulos and cause the production of a single imperfect casting, but after this a continuous 
jet of pure molten metal is kept up. The metal is thus mjected and compressed into each mould 
as the rapid rotation of the wheel carries it in front of the nozzle. The guard-plate M prevents the 
escape of any of the metal until it has had time to become set, and as the bearing rollers G of each 
mould reach the shoulders h^ of the recesses A, the springs I cause the mould-plates to separate 
instantaneously with a concussion which discharges the casting from the mould, or if the jar should 
be insufficient the driving of the pina / inwards through the mould-plates ensures the detachment 
of the casting. 

The continued rotation of the wheel carries the rollers up the converging faces of the recesses A 
until they pass between the parallel faces of the housings H so as to effect the tiglit reclosure of the 
moulds in readiness for filling. For casting articles of larger weight than a quarter of a pound the 
motion of the wheel may preferably be intermittent instead of continuous. Where, from the character 
or size of the castings to be produced, the particular metal or alloy used therein, or other circum- 
stances, it is found desirable to employ moulds of the clay composition in connection with the rotary 
apparatus, as illustrated in Fig. 3001, the said composition moulds may be arranged and secured 
in the several flasks or mould-diambers completely around the periphery of the wheel before the 
casting operation begins. The injecting reservoir J being then charged and set in position, and 
pressure applied to the piston K, a number of large compressed castings may be produced by a 
single revolution of the wheel, or in some cases it will be practicable to employ the composition 
moulds in continuous or repeated operation in the manner first described. While selecting to illus- 
trate various parts of the invention the preferred styles or types thereof, it is not proposed to restrict 
it thereto so long as the same results are obtained by means substantially equivalent. For an 
example, the pressure of steam or condensed air may be applied to act on the piston, or steam or 
condensed air may even be used to exercise direct pressure on the fiuid metal if the cylinder is in 
vertical position and the end of the cylinder closed, although practical experience has proved that 
the mechanical pressure is the most reliable and least complicated. It is also proposed in some 
oases to use a form of double fiask, or a flask with two or more chambers connected by suitable 
gates, so that the molten metal may be placed in one and the moulds in the other or others, and 
the compression casting can be performed by forcing the metal out of the first chamber or the reser- 
voir into the moulds, which are arranged and secured in the other chambers. 

Another modification consists in the employment of a horizontal reservoir with its discharge 
aperturo at or near the highest part, as the metal need not entirely fill the reservoir ; when the 
piston is retracted no metid will be discharged until the piston moves, even if the plug or tamp be 
dispensed with, but to prevent oooling and oxidation it is preferable to use the plug in this case 
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also. As a substitute for the clay plug or tamp a sliding rod or other form of valve may be 
employed, being adjusted to resist any pressure below a certain degree, and where the pressure 
exceeds that degree to yield and open the way between the reservoir and moulds. 

It will be apparent that some of the principal parts of the invention, as for example the inject- 
ing process and apparatus, the material for the moulds, the manner of securing the moulds within 
the flask, and the exhausting process are not in any manner restricted in their use to the rotary 
apparatus which has been more particularly described in connection with Figs. 2998 to 3000, but 
may be used equally well with stationary or detached flasks. In practice it is rarely found neces- 
sary to employ the atmospheric exhaustion in connection with the compression of the metal, but 
its use is found advantageous in cases where it is especially necessary to produce castings of the 
most compact and solid dbaracter with entire freedom from olow-holes throughout. In these cases 
it is preferable to use the stationary rather than the rotary moulds, so that the exhaustion may be 
efleoted through a simple pipe connected to the air-tight chest within which the flask is enclosed. 
When the injecting reservoir is placed in a vertical position the use of a thimble L separate from 
the reservoir J, facilitates the removal of the reservoir by slipping it off vertically when the metal 
has become set. The superincumbent mass of metal remaining in the reservoir might render this 
difficult or impossible if the lower end of the reservoir itself were contracted or formed with an 
inwardl V projecting flange or shoulder. If said thimble is made of iron or other metal it ought to 
be dividea longitudinally into two parts, so that the same may be readily detached from the metal 
in the central gate, and the head left in the cylinder after casting. Continued practice has proved 
that the best manner of making said thimble is to form or make it by pressing moist day into a 
suitable mould, and after forming to bum it hard in the manner that brick or pottery is burnt, 
and to use a new thimble at every operation of casting. Such mineral thimbles are strong enough, 
cheaply made, and easily detached by breaking them in pieces after casting. Practical founders 
know that if a mould could be used of a material more dense than sand or sand loam, a more perfect 
and sharp mould could be made, and there would not be so great liability of the sharp lines of the 
mould being washed by the inflowing metal; but they are also aware that if a mould is made so 
dense by ramming and stamping, or by the use of dense material, the gases generated and the air 
in the moulds will not be ejected by the mere pressure obtained by the weight of the metal itself: 
the consequence is that the metal is blown out of the mould and the casting is useless. The em- 
ployment of the compression process applied to refractory metals, just described, enables the use of 
moulds of great density and of matenals which will take a very fine and sharp impression of the 
patterns by great pressure applied to the material formed into moulds. By providing separate 
injecting vessels for the reception of the molten metal previous to its introduction into the mould, 
and having a high pressure to bear on the fluid metal in the very act of its rapid filling of the 
moulds, the elimination of the gases generated and the air in the moulds is compelled to take place 
through very fine pores and the small orifices made at the points of the moulds; and as the pressure 
is kept on the metal until it is well set and solid, such a thing as blowing will never, or very seldom 
take pbixse, but the metal is compelled to fill eveiy cavity of the mould, producing a perfect, sharply 
defined, and smooth surface. 

Moulds made of clay composition are especially well adapted to be used with this compressing 
easting apparatus. Moulds to be used for another more simple method of casting metal under 
pressure, out applicable only to the casting of larger pieces of one face, are made in the same 
manner, only it is preferable to use instead of ordinary clay the clay composition used for black-lead 
crucibles or for good fire-tiles. The only necessary difference in the manner of forming the mould 
is as follows; — The iron box or frame is first filled with clay powder, and the pattern is then 
placed with face down. The reason for doing so is that the clay mould is left in the iron box and 
the bottom of the box is not removable, therefore the pattern must be placed on the top of the 
powder that it may be taken out after the impression is produced. The iron box or flask used for 
the clay mould ought to be of the outside size and shape of the die or mould to be cast in metal, 
and the bottom ought to be provided with a hole or slot for the purpose presently to be seen. When 
the pattern is removed the clay mould is made dry; after drying and while still in the iron box it 
is placed in a muflle furnace, and the heat gradually raised until the mould and iron box are 
brought to a temperature nearly equal to that of the metal to be cast in it ; while this is done the 
metal to be used is melted in another furnace. Then the clay mould is taken out of the furnace 
and filled with so much of the fluid metal as is necessary to make the articles, allowing a small 
surplus to be acted on by the follower. The surplus of metal is kept from overflowing by an iron 
collar or frame which extends above the clay moulds. When so far filled the follower is put on 
top of the fluid metal and then the whole is placed under a screw or lever press. During the time 
required to perform the filling of the mould and placing under the press, the fluid metal becomes 
mushy, or semi-fluid, and if pressure is applied the metal will take a perfectlv sharp impres- 
sion of the mould. When the whole is ooolra off, the casting is removed out of the iron collar or 
box by driving something through the hole left for that purpose in the bottom of the box. The 
alloys of copper and tin are most favourable for this process of casting, but it may also be employed 
for other refractory metels and metal compositions with good success. The use of clay in tiiis 
method of producing moulds for dies and other single-faced castings greatly reduces the care and 
skill required and the risk of loss involved in making such castings. In forming metal moulds 
with metal patterns, there is great danger of the injury or destruction of the pattern to be copied 
by the molten metal adhering to it. It is well known that moulds have been made of clay when 
in a plastic stete for different purposes, and also that clay mixed with sand is employed for making 
moulds to be used for casting large bells and other heavy bronze and brass castings so as to give 
strength to the sand that it may resist the pressure of a great mass of metal. Kbw, those acquainted 
with the art of forming moulds and other things of plastic clay, know that it is very difficult and 
almost impossible to press plastic clay into deep cavities of a pattern, especially if the pattern is 
made of metal or other material of great density, because the air will always be more or less confined 
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in the cavities and prevent the admission ot the clay to produce a sharp and perfect impressioo. 
Another disadvantage, and that not the least, is that clay used in the plastic kneadable state will 
shrink very much, thereby reducing the size and changing the form of the article to be moulded ; 
further, an article formed or moulded of plastic clay is very liable to warp and get out of shape by 
handling, and during the process of drying. But by using a moist clay powder and forming it into 
a compact mass by high pressure, those difficulties are entirely obviated ; by using first a coating of 
alip applied over the pattern with a brush, the clay icr brought into every cavity of the pattern at 
the commencement. Then the moist clay powder, being first in a loose state, attaining its strength 
and hardness gradually by the pressure slowly applied, permits of the easy escape of the air from 
the cavities of the pattern and throughout the whole mass, and produces a perfect and sharp 
impression. Further, by using moist clay powder, and making it a compact block by means of 
high pressure, the mould is, wl>en formed comparatively to a mould made of plastic clay, in a 
greatly advanced state of dryness, may be handled and carried about without getting out of shape, 
and as it contains not one-fourth part as much water as plastic clay it is almost entirely relieved 
from shrinkage and adapted to retain the shape and size first given in making. Further, by mixing 
with fresh new day powder one-half of powder made of burnt clay the mould is relieved from 
liability to warp and crack during the process of drving and burning. The application of slip made 
of clay as a facing doses the pores and unites the clay powder into a fine and plastic mass where it 
comes in direct contact with the pattern. The slip is rendered quickly plastic by absorption of the 
surplus of water it contains by the comparatively diyclay powder in the rear. Now, as tne applica- 
tion of slowly applied pressure is believed to be new in this connection, it is proper to exphin its 
importance, if an attempt is made to form the loose moist clay powder into a compact and solid 
mass, as a good mould must be by means of stamping and ramming as it is done in the ordinary 
way of moulding, it would naturally take a great deal of labour, but iSter removing the pattern the 
mould would be of insufficient and unequal compactness and imperfect impression ; and further, 
when the mould was removed from the flask' it would not properly hold together in burning, but 
fall to pieces as if the mould had been made of a number oi layers of day. u high pressure should 
be applied by means of machinery in a sudden manner, or with a momentum, the same results 
would occur. But. if pressure is applied slowly and gradually, the loose particles of the clay 
powder are gradually and firmly united into a solid compact mass of uniform density entering 
perfectly and sharply into every cavity of the pattern. The labour required to form a mould in the 
manner described is but little more than in forming a mould in the ordinary way of moulding. 

Brass moulding is carried on by means of earthen or sand moulds. The formation of sand 
moulds is by no means so simple an affair as it would at first sight appear to be, as it requires 
long practical experience to overcome the disadvantages attendant upon the material used. The 
moulds must be sufficiently strong to withstand the action of the finid metal perfectly, and, at the 
same time, must be so far pervioas to the air as to permit of the egress of the gases formed by the 
action of the metal on the sand. If the material were perfectly air-tight, then damage would 
ensue from the pressure arising from the rapidity of the generation of the gases, which would 
spoil the effect of the casting, and probably do serious injury to the operator. If the gases are 
locked up within the mould, the general result is what moulders term a bloum casting ; that is, its 
surface becomes filled with bubbles of air, rendering its texture porous and weak, besides injuring 
its appearance. 

Plaster of Paris is often used for a number of the more fusible metals. This material, how- 
ever, will not answer for the more refractory ones, as the heat causes it to crumble away and lose 
its shape. Sand, mixed with clay or loam, possesses advantages not to be foimd in gypsum, and is 
consequently used in place of it, for brass and other alloys. In the formation of brass moulds, old 
damp sand is principally used in preference to the fresh material, being much less adhesive, and 
allowing the patterns to leave the moulds easier and cleaner. Meal dust or fiour is used for facing 
the moulds of small articles ; but for larger works, powdered chalk, wood-ashes, and so on, are used, 
as being more economical. If particularly fine work is required, a facing of charcoal or rottenstone 
is applied. Another plan for giving a fine surface is to dry the moul^ over a slow fire of cork 
9havingSy or other carbonaceous substance, which deposits a fine thin coating of carbon. This, when 
good fine facing-sand is not to be obtained. As regards the proportions of sand and loam used in 
the formation of the moulds, it is to be remarked that the greater the quantity of the former 
material, the more easily will the gases escape, and the less likelihood is there of a failure of the 
casting ; on the other hand, if the latter substance predominates, the impression of the pattern will 
bo better, but a far greater liability of injury to the casting will be Incurred from the impermeable 
nature of the moulding material. This, however, may be got over without the slightest risk, 
by well drying the mould prior to casting, as you would have to do were the mould entirely of 
loam. 

For some works, where easily fusible metal is used, metallic moulds are adopted. Thus, where 
great quantities of one particular species of casting is required, the metallic mould is cheaper, 
easier of management, and possesses the advantage of producing any number of exactly similar 
copies. The simplest example which we can adduce is the casting of bullets. These are cast in 
moulds constructed like scissors, or pliers, the jaws or nipping portions being each hollowed out 
hemispherically, so that when closed a complete hollow sphere is formed, having a small aperture 
leading into the centre of the division line, oy which the molten lead is poured in. 

Pewter pots, inkstands, printing types, and various other articles, composed of the easily fusible 
metals, or their compounds, are moulded on the same principle. The pewterer generally uses 
brass moulds : they are heated previous to pouring in the metal. In order to cause the casting to 
leave the mould easier, as well as to give a fmer face to the article, the mould is brushed thinly 
over with red ochre and white of an egg ; in some cases, a thin film of oil is used instead. Many 
of the moulds for this purpose are extremely complex, and, being made in several pieces, thev 
require great care in fitting. With these peculiar oases we have, at present, little to do and. 
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we therefore sball oonolnde with a few obeerratiohs on the method of filHner fhe moaldB. TIiq 
experienced find that the proper time for pouring the metal is indicated by the wasting of the zinc, 
which gives off a lambent flame from the surface of the melted metal. The moment this is 
observed, the cmcible is to be removed from the fire, in order to avoid incurring a great wasto of 
this volatile substance. The metal is then to be immediately poured. The best temperature for 
pouring is that at which it will take the sharpest impression and yet oool quickly. If the metal 
IS very hot, and remains long in contact with the mould, what is called sand-burning takes place, 
anil the face of the casting is injured. The founder, then, must rely on his own judgment as to 
what is the lowest heat at which good, sharp impressions will bo produced. As a rule, the smallest 
and thinnest castings must be cast the first in a pouring, as the metal cools quickest in such cases, 
while the reverse holds good with regard to larger ones. 

Complex objects, when inflammable, are occasionally moulded in brass, and some other of the 
fusible metals, by an extremely ingenious process; rendering what otherwise would be a difficult 
problem a comparatively easy matter. The mould, which it must be understood is to be composed 
of some inflammable material, is to be placed in the sand-flask, and the moulding sand filled in 
gradually until the box is filled up. When dry, the whole is placed in an oven sufficiently hot to 
reduce the mould to ashes, which are easily removed from their hollow, when the metal may be 
poured in. In this way small animals, birds, or vep^etables may be cast with the greatest facility. 
The animal is to be placed in the empty moulding box, being held in the exact position required 
by suitable wires or strings, which may be burnt or removed previous to pouring m the metal. 

Another mode which appears to be founded on the same principle, answers perfectly well when 
the original model is moulded in wax. The model is placed in tlie moulding box in the manner 
detailed in the last process, having an additional piece of wax to represent the runner for the 
metal. The composition here used for moulding is similar to that employed by statue founders in 
forming tlie cores for statues, busts, and so on, namely, two parts brick-dust to one of plaster of 
Paris. This is mixed with water, and poured in so as to surround the model well. The whole is 
then slowly dried, and when the mould is sufficiently hardened to withstand the effects of the 
molten wax, it is warmed, in order to liquefy and pour it out. When clear of the wax, the mould 
is dried and buried in sand, in order to sustain it against the action of tho fiuid metal. . 

We shall examine one or two cases which oome more or less within the province of the engi- 
neer. One of these is the founding of bells, a subject of much interest, as works of this kind 
are often of very considerable magnitude, and demand the skilful attention of the engineer. 
Large bells are usually cast in loam moulds, being swept up, according to the founder's pl^raseology, 
by means of wooden or metal patterns, whose contour is an exact representation of the inner and 
outer surfaces of the intended oell. Sometimes, indeed, the whole exterior of the bell is moulded 
in wax, which serves as a model to form the impression in the sand, the wax being melted out 
previous to pouring in the metal. This plan is rarely pursued, and is only feasible when the 
casting is small. The inscriptions, ornaments, scrolls, and so on, usually found on bells, are put on 
the clay mould separately, being moulded in wax or clay, and stuck on while soft. The same plan 
is pursued with regard to the ears, or supporting lugs, by which the bell is hung. 

Brass Guns are another important branch of this manufacture. They are moulded in a manner 
quite distinct from any other work of this nature. The exterior surface of the gun is produced by 
wrapping gaskin or soft rope round a tapered rod, of a length slightly greater than that of the 
gun. Upon this foundation of rope the moulding loam is then applied ; the surface being turned 
to the exact shape and proportions of the gun. A long fire is used by the founder in this process, 
in order to dry the mould as he proceeds in its manufacture. When perfectly dry, the surface of 
the mould is black-washed over, and again covered with loam to a depth of 2 or 3 in. This exte- 
rior coat of loum is secured and strengthened by a number of iron bands, and the whole is well 
dried. The primary mould is now completely withdrawn from the outer shell, the formation of 
which renders it an easy matter, as the timber rod leaves the rope with great facility, when the 
latter may be withdrawn, and the clay covering picked out aftemvards. 

The trunnions of the gun are formed separately, and attached to the shell in the ordinary way. 
When finished, the moulds are sunk perpendicularly in a sand-pit, near a reverberatory furnace, a 
vertical runner being made, leading to each mould, which it enters near the bottom. A suitable 
channel communicates with the furnace containing the brass intended for the guns. The metal 
being introduced at the bottom of the mould, no air can possibly be detained by its entrance, as 
each mould is full open to the atmosphere at the top. 

T. V. Morgan's apparatus, or machine for making large and small crucibles, is illustrated by 
Figs. 3002 to 3004. This important and peculiar mechanical arrangement consists in fittiuK the 
" former,'* or forming tool employed in the apparatus. Fig. 3002, so that in addition to being 
capable of an up-and-down movement, the former is free to bia moved and adjusted horizontally as 
the crucible is being moulded, and according to the required size or thickness of the crucible ; it 
also oonsbts in the employment of a lever to prevent all vibration or movement of the former or 
shaper, when at its final position in the crucible. 

The forming tool is fitted to a block free to be moved horizontally in a frame by means of a 
horizontally threaded rod, which takes into a corresponding female thread in the block ; the ends 
of this rod work in fixed nuts on the frame, and one end is provided with a hamlle which is turned 
according as the former and its block nre required to be moved. The frame before mentioned is 
free to move up and down in slots formed in two uprights, and its weight is counterbalanced. The 
bottom of the slots limits the distance to which the frame with the former can be lowered. When 
a crucible is to be made the frame is pulled down to cause the former to enter the plastic material, 
. which is placed in a mould, on a revolving lathe, or jigger, as usual, and when the former reaches 
the bottom of its course, a catch on one of the uprights secures the frame in position. The tlireadcd 
rod is then turned, to cause the former to move horizontally, and spreaa the plastio material 
against the side of the mould. Finally, the baok end of a lever carried on the top of the frame, 
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and free to move backward by means of slot or otherwise, is inserted into a hole formed for the 
purpose, and its forward end is pressed down by hand, so that the lever bears forcibly upon 
the frame, and prevents all vibration or movement of the former. When the crucible is finished, 
the handle is tum^ to bring the former to the centre of the crucible, the lever is moved forward 
out of its hole, the catch released, and the frame raised up by a balance-weight. The operation is 
then repeated for the next crucible, and so on. 

This invention further consists in the employment of a brake to stop the revolution of the lathe 
or jigger, when the driving belt is moved from the fast to the loose pulley of the lathe-shaft. This 
brake is preferably composed of a horizontal bar hinged behind the apparatus, while one end 
extends to the front of the apparatus, near to the attendant. The bar carries a block, and when 
the brake is to be applied, the attendant, by his foot or otherwise, moves the bar on its hinge, bo 
as to cause the block to bear against a collar or other revolving portion of the lathe. 

Fig. 3002 is a front elevation ; Fig. 8003 a side elevation ; and Fig. 3004 a section through the line 
A A of Fig. 3002, of an apparatus constructed according to Morgan's improvements, a is the former, 
or forming tool ; it is fitted to a block 6, which is, as before stated, free to be moved horizontally 
in a frame c by means of a horizontal threaded rod d', taking into a corresponding thread e in a 
nut 6* in the block 6 ; the ends of the rod d wor^ in fixed nuts //, on the frame c, and the right- 
hand end is provided with a handle g, which is turned according as the former a and block 6 are 
required to oe moved. The frame c is free to move up and down in slots A A, formed in two up- 
rights I, y, and its weight is counterbalanced by weights h ky on the end of chains or cords / /, passed 
over pulleys m m, and connected to the frame c. n is a catch on the upright y, to secure the frame c 
in position when the former a reaches its lowest position, o is the mould into which the plastic 
material is fed ; this mould is carried on an ordinary lathe or jigger p, to which rotary motion is 
imparted as usual. When the frame c is caught by the catch n, and the mould is caused to rotate, 
the threaded rod d is turned by 
its handle ^, so as to cause the 
former a to move horizontally, 
and spread the plastic material 
against the side of the mould o 
and when it has been moved to 
the required distance, which is 
regulated by a scale on the frame 
c, the back end of a lever q car- 
ried on the top of the frame c and 
free to move backward by means 
of a slot r is inserted into a hole 
8 formed in an upright <, and its 
forward end is then pressed down 
by the attendant so that this lever 
bears forcibly upon the frame o 
and prevents vibration or move- 
ment of the former a. When the 
crucible is finished, the handle g 
is turned to bring the former a to 
the centre of the crucible, the 
lever q is moved forward out o 
its hole «, the catch n is released, 
the frame c is raised up, and the 
mould is removed in the ordinary 
manner ; all being then ready for 
the next operation, u is a hori- 
zontal bar under the platform o 
and hinged at ir, while its front 
end extends to the front of the 
apparatus, d? is a block on the 
bar tf, and y is a collar on the 
lathe-shaft. When it is required 
to stop the revolution of the lathe, 
the attendant moves the bar ti on 
its hinge w, so as to bring the block 
X against the collar y. ^r is a hori- 
zontal bar or guide for the bar tf. 

The Morgan steel crucible. 
Fig. 3005, BO highly valued, is 
made of about 1 port fire-clay, 
and 2 of g^phite or plumbago. 
This paste is worked to g[^eat 
perfection by the machine, Figs. 
8002 to 3004. During the burn- 
ing the Morgan crucible under- 
goes no change internally, as only 
the surface of the graphite bums. 

Fig. 3006 is a section of % Morgan crucible, capacity 50 kilos., that is, a little over 100 lbs. 
English. The Plumbago Crucible Co., Battersea Works, liondon, designates this crucible No. 50. 

AB = ll-lin.; BO = 1-3 in.; BF = 8'0in.; FG= -Gin.; and mn = 1-4 in. 

The cruciblo^ Figs, 3005 to 3012, are selected from among the vast variety of crucibles manu- 
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factored at the Battersea Works. The onicibleB of this company have been in most snooessful use 
for many years, and are now used exclusively by the English, Australian, and Indian mints ; 
•the French, Russian, and other Continental mints ; the royal arsenals of Woolwich, Brest, and 
Toulon ; and have been adopted by most of the large engineers, brass-founders, and refiners in 
England. Their great superiority consists in their capability of melting on an average forty 
pourings of the most difficult metals, and a still greater number of those of an ordinary character, 
some of them having actually reached the extraordinary number of ninety-six meltings. (See 
Cbocibles.) 

These crucibles never crack ; become heated much more rapidly than any other description, 
and require only one annealing— may be used any number of times without further trouble, change 
of temperature having no effect on them. Mens. G. Dierick, master of the French mint, writes ; — 
" Each crucible runs from forty to siicty pourings, and can with safety be dipped in cold water when 
at a red heat, and used again immediately, as if it had not undergone any change of temperature." 
A large amount of time is daily saved at starting, other crucibles requiring to be annealed every 
morning before using, whilst these, although lasting a very considerable number of heats, <miy 
require to be annealed once ; the metal is also fused much more rapidly, saving time^ fuel, hbour, and 
waste ; the saving also of metal is very great, as to each worn crucible there adheres a certain 
amount of metal — the commoner the crucible the greater the absorption and adhesion. In this 
respect, comparing the Morgan plumbago with the common crucible, the saving of metal and fuel 
is equivalent to the cost of the plumbago crucible. 

This company have introduced crucibles especially adapted for the following purposes, namely ; — 
Malleable Ibon Melting, the average working of which has proved to be about seven days ; Steel 
Melting, which are found to save nearly a ton and a half of fuel to every ton of steel fused ; and for 
Zing Melting, lasting much longer tluin the ordinary iron pots, and saving the great loss which 
arises from mixture with iron. 

Crucibles have been in use for melting and refining metals from that distant point of time when 
man exchanged his stone hatchet and bone chisel for implements of bronze. The earliest melting 
pots were doubtless made of the plastic and infusible substance clay, and there ia no reason to 
suppose that they differed essentially from the earthen crucibles now commonly used in our 
foundries. 

As an instrument of scientific research, the crucible has held an important position for at least 
a thousand years. It was constantly used by the first alchemists, and may, indeed, be truly styl^ 
the cradle of experimental chemistry. 

At the present time, crucibles of one (brm or another are extensively employed by the refiner of 
gold and silver, the brass-founder, the melter of copper, zinc, and malleable iron, the manufacturer 
of cast steel, the assayer, and the practical chemist. They are made in many different shapes and 
sizes, and of many materials, according to the purposes for which they are intended. For certain 
chemical experiments, requiring high temperature, vessels of platinum, porcelain, and lime, are 
adopted; but for ordinary metallurgical operations day crucibles and plumbago crucibles are 
exclusively employed. We, in this place, confine our remarks to these two important classes of 
crucibles. On examining a clay or plumbago crucible it seems to be merely a rough specimen of 
pottery that might be easily imitatea ; yet the successful makers of crucibles are so few that they 
might almost be counted on the fingers of two hands. When we take into consideration the quali- 
ties which are required in a crucible to enable it to pass victoriously through the ordeal by fire, the 
paucity of good makers becomes intelligible. The crucible should resist a high temperature with- 
out fusing or softening in a sensible degree. It should not be liable to break or crumble when 
grasped with the tongs, and it ought to be but little affected by ihe chemical action of the ashes 
of the fuel. Again, it may be required to withstand the corrosion and permeation of such matters 
as melted oxide of lead. In some cases crucibles should Teaist very sudden and great alteniations of 
temperature, so that they maybe plunged while cold into a furnace nearly white hot without crack- 
ing. In other cases they are merely re<}uired to resist a high temperature after having been gradu- 
ally heated. Some crucibles are specially remarkable for one quality, and others for another, so 
that in selecting them the conditions to which they will be exposed must be kept in view. 

The writer of this article, being an experienced metal-worker, speaks, for the benefit of 
others, without reserve ; he knows from ezpenenoe that the crucibles which present the finest com- 
bination of good qualities are those of the Battersea Plumbago Crucible Company. They support, 
even when of the largest size, the greatest and most sudden alterations of temperature without 
cracking ; they can be used repeatedly, and their inner surface can be made so smooth that there 
is no fear of the particles of metal hanging about the sides. Their first cost is necessarily hi^h, as 
plumbago is an expensive raw material; but the fact that they may be used for a great number of 
meltings makes them, in reality, cheaper than the ordinary cuiy pots. As fire-clay contracts con- 
siderably when exposed to a high temperature it cannot be used alone for large crucibles. The 
60-callea clay crucibles are made of a mixture of the plaster clay with some other substance, 
such as highly-burnt fire-clay, silica, or coke, which counteracts in a measure the evil done to con- 
traction, and so lessens the tendency of the vessels to cradc. The large Stourbridge clay crucibles, 
so extensively employed by the brass-founders of Birmingham, contain both burnt clay and coke. 
The Cornish and Hessian crucibles are made of peculiar kinds of clay in admixture with sand. 
The great superiority of the plumbago crucibles over these can be easily accounted for by the fact 
that graphite or plumbago Ib the most impressible of all substances known, and at the same time 
a material that can be thoroughly incorporated with the clay without impairing its plasticity. 

With respect to fire-clay, W. H. Stephenson, writing in the Transactions of the S. of E., 
observes ; — Among the various deposits which have succeeded the formation of the primitive rocks 
upon the surface of the globe, there are certain earthy strate of very considerable extent composed 
ohiefiy of silica and alumina, partly in combination, and partly in mere mechanical mixture with 
other leas prominent and essential ingredients. These strata are chimcuiterized by the very minute 
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state of divioioQ of their partioleB, and their want of fiim connection or eolidity . It is to this pecu- 
liar Btmetnre that the most Talnable property of clay mnet be aacribed — ^that ia, ita plaatioity, or 
the property of forming dongh with water, sufficiently soft to take the meet delicate impression from 
a mould, and so deficient in elasticity that even the slightest indentation is lasting and persistent. 

By far the greater number of days are so intermingled with substances foreign to them in their 
original localities, or haye been primarily derived from such compound species of rock, or, lastly, 
baye been so very far removed by the agency of water from the sources of their different constitu- 
ents, that it is next to impoflsuble to trace b»ok the course of their formation to its very conunenoe- 
ment ; although the days may be viewed in general as the remains of certain rocks which have 
been decomposed by various asents, chiefly atmospherici which have, in a word, been weathered ; 
yet there are few oases in whidi the production of day has occurred in the immediate locality of 
the rock whence it is derived, and in such a simple manner as to enable its origin to be traoed in 
all particulars, and established indubitably bv chemical facts. 

The most prominent physical properties of day are its plasticity and behaviour when exposed 
to heat. By simple drying, at a temperature far below red neat, its partides collapse, the pnmary 
pores become contracted, and a very much more dense maa is obtained, which becomes so hard 
that it will no longer take impreflrions, although it is still sufficiently soft to be out with a knife, 
and when treated with water is again converted into day with the ordinary properties. 

Exposed to the most intense heat that can be artificially produced, clay retuses to become liquid, 
and acquires at most a slight degree of flexibility. Its particles then cohere so slarongly together 
that the burnt mass is hard and sonorous, although still porous enough to absorb water with 
avidity. Although it no longer falls to pieces, but retains its connected form, it will easily be oon- 
oeived that the nature of day must be very much modifled by an admixti^e of foreign matters 
possessing other properties. These foreign matters may either be constituted of undecomposed 
detritus of the rocks from which the day itself derives ite origin, or of others which do not belong 
to the daas of substances which yidd clay by decomposition. The character of these foreign 
admixtures causes great variation in the nature of the different clays, and gjyes rise to the various 
denominations by which thev are known. The ingredients which most aSfect the quality of the 
day are sand, iron, lime, and magnesia. 

The plastidty of day diminishes with the amount of any one of these substances which it con- 
tains, as they are not plastic. 

The quality is affected in the most marked manner by sand, somewhat less by lime, and very 
little by oxide of iron. When clay contains iron and lime, the action of heat upon it is very 
different : the silica, alumina, lime, and iron then form t<^ther a mixture similar to that employed 
in the manufacture of bottle glass, which melts in the fire with more or less eas^ according as it 
eontains much or little of the two latter ingredients. Magnesia exerts leas influence upon the 
character of the day; the more quarts and mlica enter into the composition of the day, the less 
easy will it be of fusion, and an excess of iron or lime can be oorreoted by a large quanti^ of this 
ingredient. 

Fire-clay is commonly found in the coal-measures, at a great depth from the surface, but it not 
unfrequently happens that it lies on the top. Stephenson's experience was with day at some 
considerable depth, and lying (at Throckley, Newcastle-upon-Tyne) immediatdy underneath the 
coal formation ; its thickness varies according to circumstances, in some places 8 ft., and in others 
reduced to 18 in. As a rule, it is very strong and hard, and cannot be worked to advantage with- 
out the aid of gunpowder. It woula be neec^ess to recapitulate the ordinary working of a coal 
mine ; but suffice it that the clay, on being raised to the surface, is laid out in long parallel heaps, 
say 20 ft high, bdng 20 ft. wide at the bottom, and tapering to 5 ft. at the top. A series of ridges 
is thus formed, puipoeely, however, in order to collect as much rain and snow as possible, which, 
combined with the direct action of the atmosphere, soon reduces that which was at one time haza 
and retentive, to a soft, comparativd^ plastic state. Difference of opinion exists among manufac- 
turers as to the policy of adopting this system, inasmuch as to carry it out fully a very large capital 
is necessary, ana which for tne time bein^ lies dormant. 

The sole advantage accruing in keepmg so large a stock is, that it is more easily pnlveriased 
and reduced to powder, thereby causing a considerable savin» in engine-power, labour, and expense. 
To carry out this method to its fullest extent, no day ought to be used untU it has been exposed 
to the action of the elements for at least two years. After the day is brought to the works, the 
first process is that of erinding ; the most approved plan is that of two large stones, say 10 ft. in 
diameter and 20 in. wide, hooped all round with iron, and revolving dowly on a cast-iron pan, or 
bed-plate, which in some works is also made to revolve very slowly the contrary way to the stones. 
The rough day from the pit being conveniently placed for the workman, is cast under the edge 
stones, when it is ground to a coarse powder, which falls through an open grating in the centre of 
the bed-plate, whence it is lifted in the sifting cylinder by an endless chain of buckets. The 
day, as it passes down the cylinder, is separated into two parcels ; the coarse, or that which is too 
large to a<unit of its being passed through the meahes of the cylinder, is returned by a long wooden 
spout to the mill, where it a second time is ground, whilst the fine particles are received into an 
endless bdt composed of glazed sack-doth, and conveyed into the mixing pan, or pug-mill. 

Some manufacturers prefer allowing the pugged day to lie and sweat for a few days in a dark 
place, thereby giving greater ease and mcility in working, the clay being rendered of a more plastic 
nature by the delay. Others remove it immediately from the pug-mill to be moulded into bricksi 
retorts, and so on. 

Brick moulds are made of various materials, some of brass, cast in four pieces and riveted 
together, others of sheet iron cased with wood in the two longest sides. Iron moulds are sanded^ 
but not wetted. Gopper moulds are an improvement on the iron, as they require ndther sanding 
nor wetting, and do not rust ; they, however, aire expensive, and do not last long, as the edges wear 
down very fast. 

5 
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The cost of monlding bricks bean bo small a proportion to the total cost, that it is questionable 
whether the application of machinery for this purpose in small works would effect any ultimate 
saving ; numerous inventions have been patented, but few of them can be said to have proved suo- 
ee^ul. 

The moulding operation in the ordinary brick-workB is simpler than ]« the case with any other 
kind of day ware. 

The workman is supplied with a stock of clay (from the pug-mill) by hia side, a table or bench 
before him, and two boys or helpers. The mould is larger m proportion than the finiahed brick, 
owing to the contraction of the clay in drying and burning ; this, of course, varies under different 
circumstances, the tougher and finer the clay the greater the contraction, and vice vend ; in general, 
1 in. to the foot is the calculation for contraction, and the moulds must be made accordingly. 

The usual size of a brick is 9 in. long, ^ in. broad, and 2^ in. thick. 

The mould itself only makes the four narrow sides of the brick, the one broad surface beinff 
produced by the table which supports the mould, the other by a straight piece of wood, with which 
the workman removes awav the excess of clay, by drawing it straight along the upper edge of the 
mould. To prevent the clay adhering to the mould, it is from time to time damped with water, 
which causes the moulded brick to separate from the mould without bending or loss of time. The 
operation is conducted as follows; — ^xhe workman throws a lump of clay with great force into the 
mould before him ; the mass, which has become flattened by the shock, is forced into the comers 
by one or two rapid strokes with the hand, and that which projects bevond the mould is taken 
awav with the nat board. By a sudden and peculiar twist of both hanos, the workman deposits 
the brick from the mould on to a thin board previously placed before him for the purpose ; one of 
the boys in attendance immediately places another similar board on the top of tne newly-made 
brick, and thus carries it away between these two boards. Meanwhile, another brick is made as 
described, and thus the process continues during the hours of labour. The bricks are placed in 
long rows edgeways on the dry flats, a space equal to the thickness of the board, say i in., being 
left between each brick, in order to give vent to the steam generated in drying. 

The drving sheds or flats consist of long floors, say 90 ft. by 30 ft., with flues running the whole 
extent of the building. It is desirable not to have the length of these flues more than, say, 40 ft.,^ 
in order to ensure a good draught without any additional coals being used. 

In most manufactories these drying flats are so constructed that there is ample room or aooon^ 
modation for two days' work; in this case the moulders are never stopped, and are not required to 
remove their tables or benches from place to place. From thirty-six to forty-eight hours is calcu- 
lated quite sufficient for drying bricks ; so that while the moulder and his Iwys are depositing 
bricks on one part of the flat a gang of men and boys are. engaged in clearing aWay the bricuLS from 
another part. 

The number of bricks which a workman can mould in a day of ten hours is always consider- 
able, but depends much upon the ability and strength of the moulder. With day in good order » 
skilled worlonan can make 2000 to 2500 marketable bricks in a day. 

It is clear that the relative merits and value of fire-bricks depend upon their fire-resisting 
qualities, and hence depend upon the proportion of silica they contain. 

In an analjrsis of several kinds of Newcastle day. Dr. Bichardson found — 
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whilst the amount of silica in Ko. 6 is to the total amount of the bases as 100 : 16, in No. 2 it is as 
100 : 85. These clays are mixed in different proportions, according to the object of the manu- 
facturer. 

When, therefore, it is desirable to procure a first dass artide, a chemical analysis, although it 
cannot supersede an actual trial, may be of the greatest service, as the clays seldom or never come 
up to what is required of them, and only acquire the requisite properties by certain, additions, and 
the choice of these additions must, in the fint instance, be guided by the results of the chemical 
analysis; such additions are absolutdy necessarv. as fire-clay must not only be infusible in the 
fire, but must likewise not be subject to crack and fiy. These properties are most important. The 
chief cause of the cracking, or the contraction of the clay, must therefore be lessened by the addi- 
tion of substances which do not shrink themsdves, and, on the other hand, do not impair the 
refractory nature of the day. 

Pure sand and previoudy-bumt fireclay are the substances most commonly and appropriately 
used. 

TAe Procen of Ptre'day Setort Makimg, — ^Beferring to the period when the fire-clay has been 
drawn from the mine and undergone the process of weathering, that which is intended for retorts 
has been kept separate for that purpose, while greater care and attention has been bestowed on it, 
in order to pick out any pieces of coal or iron with which it may have been associated. This, 
although seemingly an insignificant, is a "fetj important part of the manufacture, inasmuch as a 
very small piece or particle of ironstone ia •nmdent to damage and spoil a whole retort, and therebj 
occasion considerable loss. 
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The day haying been thus thoronghly examined and appioyed, is next ground in a ffmtlar 
manner to ordinary fize-briok olay, excepting that the particles are not ground ao fine (the ayerage 
■lie of the meehee through' which«the clay passes for bricks is, say 5 x 6 to the inch, whereas for 
retorts it is as large as 3 x 4 to the inch), and in order to render the retorts porous, a proportioi) of 
ooke or sawdust, say } to 4 the weight of the whole, is added to the fire-clay, and mixea up witii 
it, both in the grinding ana pugging process. The pug-mill, through which this retort clay passes^ 
is generally longer and wider than the ordinary brick-clay pug-mill ; or, instead of this, it is not 
unusual to pass the clay through two pug-mills, the one deliyering into the other, so as to ensure 
the clay bemg well worked and of a proper consistency. 

The manufacture of day retorts was formerly carried on by machinery, but now the same objeo- 
tion may be said to exist against this method, as is the case with regard to machinery for bnck- 
making. The result has, therefore, been that retort-making by hand has now become the rule, 
aod by machinery the yery rare exception. 

The hand building is performed by small lumps of clay being pressed against the side of a 
mould or drum the required shape, and this continued till a height of 8 in. or 10 in. is obtoined, 
the walls being gradually built up according to two wooden guides, the one of which indicates tiie 
thickness, say 2} in. to 8 in., the other the outward shape of uie retort. 

Some days are more plastic than others, and will consequently bear a higher or longer build- 
ing, but in general 9 in. are suifident at once, in order to ensure soundness and firmness. This 
process of building is continued eyery day, or as often as necesdary, till any length of retort is 
obtained, the top end always being kept perfectly moist, to guarantee perfect adhesion throughout 
the whole. The flats or sheds in which these retorts are nutde, are constructed in like manner to 
the brick flats, excepting that more height is allowed firom the leyel of the floor to the joists, to 
contain the longest retorts. Fires are constantly kept burning under the floor on which the retorts 
are being built, and this process of drying is neniaps one of the mM important of the manufacture. 
If not carefully and properly dried, cracks will show all oyer the surface, the colour of the fracture 
will not be uniform, ana the retorts essentially bad* 

It was stated that coke and sawdust were mixed with the day in order to make the whole mass 
porous. To proyide against the porosity of the retorts causing a loss of gas, a composition or 
mixture composed of about equal parts of unbumt and calcined nre-day flneW pulyerized with the 
addition of as much water as renden it a consistency of thick pnstej is applied day by day to the 
internal and external surfaces of the retorts, and well worked in (by the hand) to the body of 
the retort; thus an eyen, smooth, and unbroken surface, free from cracks and flaws, is produced, 
and the retort presents a uniform appearance throughout. 

The burning of the retorts requires much care and attention, and generally continues for ft 
period of ten to twelye davs. The retorts being placed yertically on rows of bricks on the bottom 
of the kUH. the great desideratum is to procure a steady draughty the exdusion of atmospheric air, 
and a padually progressiye heat. 

Opinions diiTer yery widdy as to the best shape of day retorts, the dreular, oyal, or ellipticaL 
and O, being those commonly adyooated and in use, while the egg-shaped, or combination of round 
and oyal, aoa the round ouryed la haye each their supporters. In the leading metropolitan works 
the 15 in. round, and 21 in. x 15 in. oyal, in settings of flye and seyen retorts m a bench, appear to 
be in fayour ; these retorts being ftom 18 ft. 6 in. to 20 ft. in length (open throughout, and charged 
at each endX are constructed in three or four pieces to suit conyenience. 

The comparatiye' merits of day and iron retorts is a subject which has attracted much attention 
ftom the gas enghieering profession during the past few years. The results of numerous praetioal 
trials, comparing their relatiye durability, economy, and carbonizing power, haye from time to time 
appeared in the yarious serials deyoted to the gas-light interest, and many facts worthy of attention 
haye been elidted by the controyersy respecting their comparatiye excellence. It may seem a 
matter of much surfoiBe to tiioee unacquainted with the details of these practical essays, that a 
substance apparently so friable and brittle in its nature as day should haye superseded cast iron to 
a great extent, and recdyed the highest encomiums fifom nearly eyery responsible source. Yet such 
has been the cas& and this importent reform, which but a few yean ago met with maaxj obstruo- 
tioos, in haying to withstand a rigorous prejudice, has lately been gaining ground with great 
sapidity, and promises ere long to meet witn uniyersal approbation. 

Bra$9 Ibmding. — ^Pure oopper is moulded with difficulty, because it is often filled with flaws 
and air-bubbles, which spoU the casting ; but by alloying it with a certain quantity of zinc, a 
metal is obtained f^ee from this objection, haraer, and more easUjr worked in the lathe. Zino 
lenders the colour of copper more pale; and when it exists in certain proportions in the alloy, it 
eommunioates to it a ydlow hue, resembling that of gold ; but when present in larger quantity, 
the cdour is a bright yellow ; and lastly, when the idnc predominates, the alloy becomes of a 
peyish white. Various names are giyen to these different alloys. The one most used in the arts 
is oroMt, or yeUow copper^ composed of about \ of copper Isnd 4 of zinc Other alloys are also known 
in commeroe, by the names of tomftcM;, ttmtlor or Jf<mfiA4rtfn ^oM, p«NcA6«oft or prHM^t iMia/ (ohrysocale)| 
Ao. ; they contain in addition greater or less Quantities of tin. 

TomMo, nsed for ornamental objects which are intended to be gilded, contains 10 to 14 per 
eenl of zinc; the composition of IhAdi gaUl^ which can be hammered into yery thin sheets, being 
nearly the same. Bimilor, or Ifannheim sold, contains 10 to 12 per cent, of zino, and 6 to 8 of tin; 
and pinchbeck contains 6 to 8 per cent of zinc, and 6 of tin. The statoes in the park of Yeraaillea 
are made of the fbUowing alloy ; — 

Copper • 91 I Tin 2 

Zino 6 I Lead 1 

The alloys of copper and zino are altered by a high temperatnre, and a portion of the zino !• 
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mouldfl, the gftses not being able to eeoape through the sidea, prodtioe a oonatant bubbling in th^ 
maas^ giving rise to nunerons flaws, and asBisting the sepazation, by eliquation, of the tin, or alloys 
rich m tin. 

The char^ of a ftimaoe is composed of old brass, chiefly condemned cannons, and masselottes 
taken from pieces previonsly cast, with brass turnings taken from the lathe or the boring machine 
and a oertam quantity of new metals, copper and tin, besides wMie metaU^ or alloys very rich in* 
tin, which separate by diquation in the moulds. The proportions of copper and tin in the several 
components being determined bv analysis, they are mixed in the proportion of 100 copper to IS or 
14 tin, which is reduced by oxidaticm of tin in the furnace to the normal proportion of 100 : 11. 

The condemned cannons and masselottes are laid on the hearth-sole, near the bridge, where the 
temperature is highest ; while the copper, which should be very pure, in bars, and uie turnings, 
are placed thereon, the white metals and tin being added at a later period. In six or seven hours 
fhe mass is almost entirely fused, and the flame escapes by every avenue. The smelter flrst stirs the 

gaterial with sticks of very dry wood, and draws the portions which kie not melted towaid 
le bridge ; after which he completes the charge by adding the white metals and tin, which he 
runs- in the form of pigs into dmerent parts of the bath. He stirs it a second time, in order to 
render it homogeneous, and, after skimming off the superabundant scoria, closes the door of the 
furnace, and blows up the fire, to bring the alloy to a proper state of liquidity, stirs and skims it a 
third time„ and then opens the tap-hole. Other workmen direct the melted metal into each mould. 

A remarkable phenomenon ensues in a few moments after the casting. A bubbling takes place 
in the upper part of the mould, proportioned to the size of the piece and the elevation of tempera- 
ture, and a portion of the bronze rises in the form of a mushroom, being an alloy much richer in 
tin than the cast metal. A partial eliquation therefore takes place during the cooling, which 
causes the separation of an alloy more fusible, and containing more tin. The composition of the 
piece itself is not unifonn, as the proportion of tin diminishes from the breech to the upper part 
of the masselotte. The intention of the masselottes is, not only to exert considerable hyaroetatio 
pressure on the lower strata of the piece, but also to furnish metal necessary to compensate lor the 
contraction of the metal by cooling, and its loss of substance b^ eliouation. 

Twelve hours after the casting, the earih Ib cleared away in order to hasten the cooling of the 
moulds ; and the latter are removed after forty-eight hours, broken, and the cast guns carried to 
the boring and turning shops. 

When the surface of the piece is turned, and it has been bored to a certain point, it is examined 
to ascertain if it be free from such defects as would render it unserviceable. Such defects are 
various, and called by different names; but they are nearly all produced by oliquatlon of the tin 
or very fuuble alloys. 

FUtwt^ or 61166^, are cavities with smooth surfaces, produced by bubbles of gas which have been 
unable to escape; while honeycombi are cavities with rough surfaces, arising from irregular distri- 
bution of the .materials or badly-proportioned alloy; and toe>nn-Ao/«s are similar, but smaller, 
cavities. Cendrures are owing to impurities in the aUoy, remaining In the metal, or detached from 
the sides of the mould; and tin-^pots are produced by small, very hard masses of an alloy con- 
taining 20 or 25 per cent, of tin, which became separated by eliouatton, and were unable to ascend 
as far as the masselotte. Blasts, of cracks (sifflets), which are longitudinal or transverse grooves, 
sometimes extending through the whole thickness of the piece, are likewise owing to a separation 
of the tin. 

If the piece is found to be perieot, the boring and turning are completed, and it is subsequently 
examined and proved according to the regulations of the service. 

Tinning of Copper and Brass. — The use of copper and brass for culinary purposes is dangerous, 
on account of the ease with which copper, on oxidiziog by contact with the aur and acid sub^noes, 
forms very poisonous salts, unless the vessels are lined with a coat of tin, which prevents the 
liquids from coming in contact with the copper. The tinnine of copper is effected oy cleansing 
the pieces with chlorohydrate of ammonia, and qireading with a piece of cloth or tow, melted tin 
over their surface when properly heated. The tin thus adheres to the copper, and covers it com« 
pletely. 

Pins are made of brass wire, and whitened by being covered with a thio coat of tin by the 
humid way. The pins are first cleansed by heating them in a solution of cream of tartar, and then 
placed in a copper oasin with a solution of cream of tartar and tin. The liquid is boiled for about 
one hour, when the tin dissolves in the cream of tartar with disengagement of hydrogen gas, and 
is precipitated on the brass of the pins, covering them with a very thin pellicle of metal. 

The Appatatus for Moulding Toothed WheeU, invented by G. L. Bcott, Figs. 8016 to 3026, is 
designed to supply the means of obtaining accurate castings by machine moulding, with a portable 
and self-contaixiea machine of small cost, capable of being readily and quickly applied at any part 
of a foundry. 

The accuracy and perfection of the teeth of wheels are of great practical importance in all 
cases of gearing, and especially where large amounts of power are transmitted by them ; and it is 
requisite that the transmission of. power should be uniform and continuous through the teeth of 
the wheels, corresponding to the continued frictional contact of two circles rolling upon each other. 
To maintain this uniform and continuous action in toothed wheels, all the teeth throughout the 
cironmference of the wheel are required to be precise duplicates of one another in form, size, and 
spacing; and all to be placed in a perfect circle round the centre of the wheel. Should these 
conditions be imperfectly carried out, the essential continuous contact will be destroyed, and 
a serious intermittent knocking between the teeth will be caused, leading to the fracture of the 
wheel, and risking a stoppage of the machinery. Any defective fitting of toothed wheels also 
involves a waste of driving power from the irregular shocks in transmittinjBf the power ; and as a 
consequence the wheel will not last so long in such a case^ owing to the Iriotun causing extm wear 
of the teeth. 
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oQt to the leyel of the bottom oollar V , the sand is stridded with the bottom ndial board Q, worked 
xoimd npon the bottom oollar Y. This forms the mould for the lower and outer faoes of the teeth, 
and finishes the mould ready to receive the teeth and the cores for the arms ; and as both the back 
and tiie face of the wheel have been struck from the same trammel and the same centre, accuracy 
is ensured in the wheeL 

The segmental pattern of the teeth U, Figs. 8024, 8025, is then fitted truly square and central 
and secured by screws upon the angle-bracket T of the vertical sliding ram 6, Fig. 8019. The 
upper portion of the machine is then placed upon the spindle B, the trammel having been removed ; 
and the fixing screws in the spindle are screwed up, to maintain the oeftitral axis continuous through 
the machine. The segmental pattern U is adjusted by the traversing screw O, Fig. 3020, to tho 
correet radius of the wheel, measuring from the top of the tooth to the centre of the machine. 
The ram O is then lowered to the levd of the bed of the wheel, and secured at that point by the 
locking soreif 8 ; and the brass oollar W is adjusted on the ram and fixed by a set screw, to ensure 
the ram always stopping at the same level, when lowered for mouldin|; each successive tooth. Tho 
locking screw 8 prevento the ram rising from the pressure of ramming the sand. One space of 
the wheel-teeth u then moulded by ramming sand m the space left between the pattern and the 
edge of the moiUd previously formed bv the strickle-board. The locking screw 8 being released, 
the ram carrying tne pattern is raised clear of the mould, and is traversed round through the 
exact distance of the pitch of the wheel, by means of the dividing handle and the change wheds 
previously arranged for the required pitch. Tho segmental pattern is again lowered, and a second 
space moulded as before. 

When all the teeth have been moulded, the fixing screws of the oentre spindle are released, and 
the whole machine is then lifted away by the foundiy crane laying hold of the eye-bolt on the top 
9f the spindle, leaving the mould entirely clear to receive the cores for the arms and boss. The 
hole in the top of the pedestal is fitted with a cover to keep out the sand, and is then covered over 
with sand, which protects the pedestal a^inst the action of the hot metal. The oentre core for 
the wheel is adjusted as usual from the mreumference, and the cores for the arms are set to their 
places by means of wood gauges showing the thickness of the arms and rim. The top box is 
then put on, to cover the mould, being placed in its correct petition by the stakes ; the runner is 
formed, the box duly weighted, and the whole is read^ for casting. 

Whitworth'i Apparatus, Figs. 3027 to 3037, for subjecting steel to a high pressure during the 
process of casting. In casting some articles, such as hoops and other hollow forms, Whitworth, 
when using rams arranged to give a pressure to the melted metal in the mould, after applying the 
pressure for some time* and when the mass has become solidified, withdraws the internal resisting 
instrument, or core, to allow the metal to oontract freely in cooling. In forming other articles, 
such as those of considerable length, Whitworth applies the pressure to the outer surfaces of the 
mould, and makes the latter in sections, between which dried loam or sand is placed, so as to allow 
the air to escape, and to permit of the sections being brought closer together. The object of 
Whitworth is to obtain sounder castings, and to do away with the necessity for great ^ heads " of 
metaL 

In our illustrations, Fig. 3027 shows an elevation, and Fig. 8028 a vertical section, of the 
apparatus. Figs. 3029 to 3032 are horizontal sections, at the lines A B, G D, E F, and F 6, in 
Figs. 3027, 3028, respectively. In the figures just mentioned, A is a oast block, having in its 
centre a cylinder B of steel, within which a plunger G works ; this plunger, when water or 
liquid is forced into the cylinder B, raising the ram Q. D D are two screw-columns, the lower 
ends of which are securely fixed through the casting A, whilst the upper parts above A have 
threads formed upon them, so that the cast block E may be supportea in any desired poeition 
upon them by means of screw-nuts, O, O, G>, 6^ The mould ztF is of steel, in order that it 
may be of sufficient strength to sustain the great pressures to which it is subjected. This steel 
mould is secured in the casting E by a screw-nut F^ ; within the mould is a filling piece J, which 
is of cast iron, and is securely retained by a nut J^ Within the filling piece J is the lining H, of 
cast iron, perforated with numerous holes to facilitate the passage of air and vapour, or gases ; and 
at the outer surfeuse of this lining are numerous grooves, in order that the air and gases, as they 
pass through the perforations, may get away freely. The interior of the perforatedf metal lining 
U has a lining of sand, loam, clay, or other refractory material, which is moulded in the metal 
lining to the required form, and is then dried and put into position to receive the melted steel. 
The metal lining H is retained in its place by the turn-buckles or stops U U, and the casting E 
is arranged to turn on one of the screws D D as on an axis, so as to come outside the press when 
it is desired to remove the article from the mould, and when introducing a fresh mould into posi- 
tion. K is a core, which is of metal, and is coated with sand, loam, or other suitable refractory 
material r the coating is formed separately from the metal core, and dried, and is then placed on 
the metal core, and is retained in its poeition by pins, iogeiher with the lower nose K* of metal, 
as shown. The upper end of the stem of the metal core Ik is fixed into the bar E*, which is fixed 
in the under-side or the piston R, the latter working in a hydraulic cylinder formed at the upper 
part of the iron block or casting L. 

The stem of the core K is capable of sliding through the tubular plunger BI, fixed, as is shown, 
to the casting L, and the lower end of this tubular plunger is formed of steel, and is faced with 
sand, loam, or other refractory materiaL It doses on the melted metal in the mould when the 
casting L is lowered, and resists the passingaway of tho metal when the pressure of the ram Q 
of the plunger O is applied to the bottom. The upper cylindrical part of the casting L is hooped 
with steel, and when of considerable dimensions it may be lined with a cylinder of steeL The 
piston-rod R^ of the piston R has a screw-thread out on its outer surface for the purpose of adjust- 
ment, according to the length of the core K required ; and O O are two ooUars, secured, as is shown, 
to the upper or cylindrical part of the casting L. The piston-rod R> is capable of diding freely 
up and down through the holes in the collars O O. except when locked by the screw-dip IT. The 
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Ihe mould, ftnd vfhssro neeessary provision is to be made for the getting away of the air and gases, 
as before described ; these coatings of sand prevent the sudden chilling of the metal, and enable 
smaller ingots to be cast and pressed than wonld otherwise be possible. In nsing this arrange- 
ment of moulds, the melted metal having been poured in, the block or casting L is lowered, and oy 
this means the upper part or side of tue mould is made complete; the screw-clips N are then 
locked together, and the part F^ beinff pressed on by the part M, the hydraulic plunger G is then 
put into motion, and pressure applied to the fluid metai in the mould. When the article is set 
and sufBoiently cooled, the clips M are unlocked, and the parts connected with the block L raised, 
and then, by a further motion of the ram Q, the mould and ingot may be lifted out of the blodc E. 
Either, or lioth, of the top and bottom surfaces, F^ and F*, may be actuated by hydraulic or other 

Kwer ; when both are so actuated, they should be simultaneously caused to approach each other, 
this manner various forms of solid castings mav be produced, the moulds being formed accord- 
ingly, such, for instance, as eranked or other axles or shafts, the connecting and other rods of 
steam-engines, and other similar articles ; and when the lensth is considerable, the movable sides' 
of the steel moulds used mav be actuated by several hydraulic rams. No rule can be given as to 
the extent of pressure which may be most advantageously applied in all cases,' as the thickness, 
quantity, and quality of metal acted on vary so largely, whilst the forms of the articles to be cast 
iijiso differ very largely. Osieful observation, however, on the part of the workman will enable 
him quickly to judge. 

It may, however, be desirable to remark, that where the metal in the Interior of a casting is 
found, on cutting or removing the ends or other parts, to have formed itself into irregular crystals, 
it has not been subjected to sufficient pressure, or the pressure has not been continued for a suffi- 
cient length of time. The character of the metal of such a casting, if of steel, may be improved 
and rendered more uniform throughout by heating it to a moderate red heat, and then subjecting 
the casting to ftirther pressure, eltner on end or lengthwise, or both, according as it may be desired 
to contract or extend tne length ; this heating and subsequent pressure is also advantageous in 
removing or breaking off the veiy hard coating of sand, loam, or other refinaotoiy matter employed 
on the surfaces of the moulds. 

By applvine the pressure in the manner described, by reflorence to Figs. 8033 to 8037, to the 
whole length of the eurtide which is being produced, the pressure may be maintained uniformly on 
every part until the operation is complete ; whereas with plungers acting at the end or on compara- 
tively small parts of the surfSftce of the article, this is not the case, the pressure then ceasing to be 
miiform when the metal is no lonser fluid. 

Whitworth remarks that in subjecting fluid steel or iron to very high degrees of pressure in 
steel mouIdflL and at the same time cooling it in them, it is of imp<nrtance that the amount of the 

eessure applied should alwavs exceed ^t produced by the shrinking or cooling which is simul- 
neously ^ing on ; or in other words, the pressure applied should be sufficient to overcome the 
counteracting forces resulting from the rapid cooling oi the surfaces of the article, and the slower 
cooling of the interior metal, so that the atoms are caused to approach each other by the pressure 
more rapidly than the counteracting forces can separate them. 

Ca$Um and Fagg'8 Typ^-founding Machine, Figs. 8038 to 8046.— This invention relates, first, to 
breaking off the lump or piece of superfluous metal that is cast with and adheres to the bodv of 
the type when dischargea fVom the ordinary moulds or machines, and which lump or piece 
of superfluous metal is usually broken off from the type by hand ; and, secondly, to the arrange- 
ment of apparatus for rubbing the sides of the cast type and thereby removing the burr or rough 
edges at tne angles of the body of the fype. 

Figs. 8038 to 8042 show two arrangements for effecting the severance of the lump of super- 
fluous metal from the bodv of the type. 

Figs. 8088, 8089, are side and front elevations of this machine ; the movable half of the mould 
being thrown up out of action the better to explain the construction of the parts. A is the fixed 
die or half of the mould, and B the movable die or half thereof. The movable die is attached to 
a swinging arm O having its fulcrum at G> ; affixed to the arm G is a bracket a, on which is 
mount«i a hook-shaped rocking plate 6. To the forward end of this plate is connected a finger c, 
which slides in a guide formed for it in the bradcet-arm a. The object of this finger is to advance 
at a proper time and move over the gate or entrance of the mould, and assist in severing the lump 
from the type. When the mould B \b brought down into position a curved and cranked bar t> 
will enter the recess formed in the hook-sha^d rocking plate 6. ^ This curved bar is secured by 
a bolt to the slotted arm of a crank-lever E, the other arm of which enters a slot in a rock-lever F 
furnished with a roll that Ues in contact with a cam Q. The rotation of this cam will give a 
rocking motion through the levers F and £, and the cranked curved bar D to the plate 6, and 
theroby cause it to move the finger c to and fro in its guide. The bar D is curved to allow of the 
type-moulds when closed being rocked towards the metal supply cylinder to receive tiie jet of metal, 
without the position of the plate 6 being affected thereby. When the type-mould is being closed 
the finger c will be drawn to its backward position clear of the surfaces oi the moulds, and in that 
position it will remain until the dies open. As the upper die rises it will carry with it the cast 
type, suitable provision having been made in that die to secure adhesion, and the finger c will be 
pushed forwara over the lump as shown at Fig. 8039. So soon, however, as the upper die B rises 
to the position shown in Fig. 3038 the head of the type by projecting will come in contact with a 
shoulder « on the stationary die, and the lump or superfluous metal being retained in the die by 
the flnger e, the type when hurd metal is usm in the casting will be broken off and discharged 
from the die into a suitable receptacle below. The flnger o will then be withdrawn and the waste ' 
end or lump will fall from the die. From this explanation it will be understood that the severance 
of the waste metal from the body of the type will be effected by an automatic operation. 

Another mode of effecting this object, and designed chiefly for use when soft type-metal is 
employed, is shown at Figs. 3040 to 8(>42. The action of this modification may be best described 
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A8 a shearing off the raperflooiu or waste metal. The divided gate of the mould instead of being 
formed with the dies as usual is made separate and capable of an independent motion. Fig. 30 iO 
is a side view of a mould oonstruoted according to this modification, and Fig. S041 is a plan view 
of the lower die, and Fig. 3042 a partial top view, showing the levers for operating the gate. 

a. a*, are the top and bottom dies, and 6, 6*, the parts that form the gate. They are jointed' to 
the dies, and upon the part 6 bears an adjustable screw c, which is carried by a rook-lever d. The 
tail end of this lever is borne up by a lever e, which may be operated in any convenient way 
according to the construction of tne machine to which the apparatus is to be fitted. The part 6* 
is formed with a projection in the under-side of which bears a spring /. When a type has been 
oast by the injection of the metal through the gate as usual the lever d will be rooked by the 
lever e, and the gate will thereby be foroed down, taking with it the lump or waste piece contained 
therein ; the top die wiU then rise, lift out the type from the bottom dies, and discharge it as 
before describea, while the waste piece falls out of the gate by its own gravity. The part forming 
the lower half of the gate will be thrown up into position. 



3038. 




The Moond part of the invention, which relates to an appantus for effecting the nibbing or 
finishing of the body of printing types, which operation has heretofore been effected by hand- 
labour, Is shown in several views, Figs. 8048 to 3046. Fig. 8043 represents the apparatus in 
longitudinal elevation ; Fig. 8044 is a plan; Fig. 3045 is a cross-section taken in the line 1, 2; 
and Fig. 3046, a cross^eotion taken in the line 8, 4, of Figs. 8043, 3044. In these views A, A, is 
ihe msin framing; B, a y-thAped guide for supporting two vertical slides and D, the uses of 
which will be presently explained. E is a sliding table, which has a slow endway motion imparted 
to it, and to wnich is securely attached a bracket-arm E^. At F a stationary file is repi^sented 
•eenred to the main framing A, and intended to receive the types as they are fed into the machine, 
and finish on one side. The opposite side is in like manner finished oy a file surface carried by 
the slide p. Kounted cm guide-pulleys, on the extremities of the bracket-arm E^, are vulcanised 
rubber bands a, a, which form a kind of endless apron for receiving the type to be operated upon. 
This type, shown in Fig. 3044, is laid across the bands by an atteiMant, and by the rotation of the 
bands toe types are carried forward until they are brought under a yulcaniwd rubber roller 6, 
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tumbler meanwhile having aniyed at the end of the raised bar «*, and thereby removed the 
upward thrust from the rook-lever, and allowed the spring to aot. A similar motion to that 
described for the pad e is imparted to the table /, for the purpose of pressing the type up against 
the file surface carried by the slide D, which surface, as before mentioned, operates upon and 
finishes the upper side of the type. This table / is carried bv a vertical stem A and is held down 
by a coiled spring. An adjustable screw, carried by a rock-lever Z', having its fulcrum on the 
stem-guide which is attached to the main framing, serves to press up the table when required. 
This rock-lever p is itself operated by a rock-lever /*, Fig. 8043, which enters a slot m the 
lever/*, and carries at its otner end a roll that bears a cam/* on the driving shaft. The ful- 
crum of the lever /> is carried by a bracket pendent from the framing A, and as the lever is rocked 
by the cam it will raise the table /, and keep the type in contact with the rubbing surface of the 
jpassing slide D. When, however, that slide has acted, the rock-lever will allow the table to fall 
into the position for receiving another type. 

In praer that the successive types may take different lines of traverse over the file surface F, a 
continuous lateral motion is given to the table E. This is effected by mounting it on guides, and 
connecting it by a link /, with a vertical crank-shaft /^, carried by the main framing. At the lower 
end of this shaft is keyed a ratchet-wheel /*, into the teeth of which takes a click which is carried 
by a loose arm ^. As the slide O moves forward, it strikes against this arm, and causes the click 
to drive round the ratchet-wheel a certain distance ; a spring ^, when the slide retires, throws 
back the arm to its quiescent position. This action being repeated, the crank-shaft will be caused 
slowly to rotate, and thus shift each successive type into a aifferent position relatively to tho file 
surface F, thereby causing each portion of the surface to act in turn upon the successive types. 

See Allots. Assayinq. Blast Fubnaob. Fubkaos. Geabino. MouLDiNa. Pin-majuno 
Haohinb. Beaoknts and Fluxes. Bee also articles on the various Metals. 

FOUNDBT. Fb.. Fonderie; Geb., Qiesserei; Ital., Fonderia; Span., Taller defundieion. 

A foundry is a buildingarranged and fitted for casting metals. See Foundino and GAsriNa. 

FBICK'S METAL. Fb., M^tal da Friok ; Geb., Friok 'schea Metaih 

See Allots. 

FBIGTION. Fb., Frottement ; Geb., lUibung; Ital., AHrito; Span., JWceion; rozamtento. 

We usually distinguish two kinds of friction. One, called friction of sliding, is produced when 
bodies slide one upon the other, whence it results that the primitive points of contact 'are found 
ceaselessly at distances respectively different from new points of contact, which is expressed In say- 
ing that they have experienced displacements, relatively unequal, and in opposite directions. The 
second kind of fnction, improperly called rolling friction, takes place when bodies roll one upon the 
other, when the distances of the new points of coutact from the old are the same upon both bodies, 
and when the relative displacements are equal. As the word friction implies, generally, the idea 
of sliding, and not that of rolling, it will be proper to admit only one kind of friction, that of sliding, 
and to designate the other by the name of resistance to rolling. 

Review of Ancient Experiments, — ^The first experiments known upon the friction of sliding are 
due to Amontons, and are inserted in the Memoirs of the Ancient Academy of Sciences, 1699. 
This philosopher knew that friction was independent of the extent of surfaces, but ho estimates 
its value at a third of the pressure for wood, iron, brass, lead, Ac., coated with lard, which is far 
too much. 

Coulomb in 1781 presented to the French Academy of Sciences, experiments made at Bochefort, 
and much more complete than those of Amontons. The apparatus he used consisted of a bench, 
formed of two horizontal timbers 6 ft. long, upon which a sledge loaded with weights slid by the 
action of a weight suspended to a cord, which, passing over a fixed pulley, was attached horizontally 
to the sled. 

By means of this disposition. Coulomb at once determined the effort necessary to produce motion 
after the bodies had remained some time in contact. This is what he called the resistance or 
friction of departure. He saw that this friction was proporiional to the pressure, and he expected to 
find it composed of one part proportioned to the extent of the surface of contact, which he termed 
adhesion—frnd of another part independent of this surface. He then sought the value of friction 
during motion, and for this effect he observed, with a stop-watch of half seconds, the time employed 
by the sled in running successively the first 3 ft. and the next 3 ft. of its course. 

But as in these durations, sometimes equal to 1" or 2", he might be mistaken by a half second at 
the end, and also at the commencement of the experiment, there resulted very great uncertainties 
which did not admit of establishing his conclusions in a positive manner, and we may say he rather 
ooDJectured than observed the laws which he inferred from his experiments. Still he adzoitted that, 
generally, friction during motion is ; — 

1st. f^portional to the pressure. 

2nd. That it is independent of the extent of the surfaces of contact. 

Srd. That it is independent of the velocity of motion, with some restrictions, which subsequent 
experiments did not confirm. 

Coulomb also first established the fact, that for compressible bodies, the friction at starting, or 
after a contact of some duration, was greater than it was after the first displacement. 

Expenments at Mets, — ^The uncertain observations, and the restrictions adduced by Coulomb, 
and above all the more general use of metals in the construction of machines, called for a new series 
of experiments, which Morin made at Metz, in 1831, '32, '33, and '34, by means of new processes. 

Stanmary Description of the Apparatus used, — ^In the smelting yards of this ancient foundry, upon 
a fiag-etone foundation, and at the side of a trench. Fig. 3047, was established a horizontal bed« 
composed of two parallel oak beams A A, * 98 ft. square, and 26 ' 24 ft. long, connected and supported 
by sleepers 8*28 ft. apart These beams, which jutted about 4*26 ft. beyond the edge of the 
trench, were connectea with four uprights B B, between which was placed a platform F F, which 
b(»e the pulley for passing the cord, to which was suspended the motive weight, placed in a box K« 
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Now, the snm of the moments of the exterior forces isPr — Tr — Br— /NV. The stim of the 
moments of the forces of inertia answering to a velocity v, of angular velocity is easily found ; foi; 

one of these forces, relative to a molecule of the mass m, situated at a distance r^ being m. -^ , its 

moment in respect to the axis is m r,* y , and the sum of the similar moments is 1 -~ , fbr all parts 
turning around the axis. 

The moment of inertia of the weight P is — 7- r, and must be added to the preceding ; we have 

g t 

then, at each instant of variable motion of the pulley, the relation 

Pr-Tr-Br-/Nr'=I ^+I^r. 

t g t 

The pressure N upon the axle of the pulley being the resultant of two perpendicular forces, the one 

horizontal equal to the tension T, the other vertical and equal to the weight P of the box, increased 

Per 
by the weight of the pulley, and diminished by the force of inertia — ^ , which is developed in the 

g t 

acceleration of the vertical motion of the weight P, and is opposed to its aoceleration ; we have then 



N=V'( 



^*,-'--~)\-^. 



Now, according to an algebraic theorem of Ponoelet, the value of a radical of the form tja* + 5*, in 
which we know beforelumd that a >- 6 is given to nearly ^ by the formula 0*96 a + 0*4 6. In 

applying it to the case in hand, where we have always P + 9 7- > T, since the weight P 

g t 

exceeds the resistance T and the friction of the sled, we have to ^ nearly 



N = 0-96 JP + 5 - - ^1 + 0-4 T. 



The relation of the equality of moments becomes then, in making B = 0*032 T, 

Pr-Tr-0*032Tr-0*96///p + g-?^l-0*4/r'T = ^^ + -.^r, 

I g * ) rt g t 

and in deriving from this equation of the first degree the value of T, the tension of the horizontal 
strip of the cord, we find 

T |l + 0-032 + 0-4 ^] ==P |l - 0*96^^'}- 0*96/2 ^--Y{l- 0*96 ^\^ 

In substituting for the known quantities their values, which are 

/ = 0*164, r' = 0030512 ft., r = 0-36417 ft., I = -04551, 
whence -^ = 0-34317, we have for the practical fonnula which gives the tension T, when we know 

the weight P of the box, T =r 0*95 /p -(-34685 + ?\ ^l - 0*1763 lb. 

N 

When experiment has demonstrated that the acceleration -p is constant, and the abstract of 

the curves, in giving their equation T* = 2 C £, shall have furnished for the acceleration the value 

f/.r 1 

-^ = ^, in calling 2 the parameter of the parabola, we shall have all the elements required to 

calculate the value of the tension of the cord in the experiment. It will be 

P\l 



T = 0*95 IP - (-34685 "f^ ") ^} - 1753 lb. 



Of 1 

When the motion is uniform the aoceleration -7- = ?^ is zero, and the above formula is reduced 

* \j 

to T s= 0-95 P — 0-1753 lb., or simply T - 0'^ P, on account of the small value of the second 

term -17531b. 

In extracting directly from the curves of tension of the dynamometer, the values of T relative 

to more than forty experiments, in which the loads have varied from 26 to 209) lbs., we have found 

that the ratio of the tension to the load, thus furnishing a direct measurement, was at 0*96, which 

shows that all the data introduced m the above formula leads to a result which accords with this 

measure, within very satutf actory limits of correctness. 

5 H 2 
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SelaHons hehseen the Tension of the Cord and the Friction of the Sled, — ^Knowing the tension of the'' 
oord T, hy means of the dynamometer, or having calculated it hy the preceding formula, it is ouite 
easy to deduce the yalue sought, of the friction of the sled, in applying directly the principle of 
action equal and opposite to reaction. In liMt, the tension T, and the motion sought F, are two 
external forces with opposite directions, whose difference T — F produces the motion of acceleration 
of the sled. On the other hand^ the resistanoe which the inertia of the weight Q of the sled opposes 

to this aooeUration is \- • 

Q Vi r Q 1 

We have then for the equality of action and reaction, T — F = ■ ^, •= — •;?, whence 

g t g Q^ 



« m Q 1 

9 



When, by direct observation, or by the formula of the preceding number, we shall hare deter- 
mined the tension of the cord, we must for the value of the friction subtract from it the quantity 

— ^ , easily oaloolated when we know by the abstract the parameter 2 G of the curve of motion. 

Such is the method which was adopted for the calculation of all the experiments where the 
motion was accelerated ; as for those where the motion is uniform, we have simply F = T. 

We see that the law of the motion being once known by the abstract of the curves, and being 
that of a unifonnly accelerated motion, we may, after having proven the constancy and the gene- 
rality of this law, pass to the use of the dynamometer, and rest content with the indications of the 
chronometrio apparatus. 

Besults of Experiments, — ^Tho fHetion of oak, sliding upon oak without unguent, with the fibres 
parallel to uie direction of the motion. 

In this experiment we have Q = 295*22 lbs. ; P = 208*38 lbs. 

The trace of the curve gives for the parameter 2 C = 0*6339 ft., whence pi = 3*154, and con- 

\j 

sequently the tension T = 0*95 /p - (o-34685 + ^Hj - •1753 = 173-05 lbs. 

Q 1 

The other formula gives for the value of friction F = T — -^•p:=:144*llbs. 

9 U 
F 144*1 
The ratio of the friction to the pressure is here then -^ = -^, ^ = 0*488. 

'^ Q 295*2 

EzFEQDOEirTB UPON THE Ffiicrnov OF Oak upon Oak, withoijt Ukousmtb; tbs Fibbks or 

THS Wood being Parallel to the Dibbotion of Motioh. 
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TeniloDof 

tbeOoid, 

T. 


Van- 
meter. 


Value of 

the Acoelft- 

ntkm. 

1 


Frictioa, 
F. 


TUitloof 

Friction to 

Prauore* 

F 


Velocity of Mutkn. 


Snrlkoe 

of 
Omtact 


Acoeter&tfan 
Unifann.atS'84ftof 
ItsGburse. 


■q. ft 


IbB. 


Ibe. 


Ita. 


feet 




lbs. 




fept 


feet 




' 295*22 


148*58 


141 15 


• • 


. . 


141-15 


0-477 


2*264 


• • 


295*22 


203*38 


178 02 


0*634 


3123 


144 1 


0-488 


• 9 


7-77 




883*52 


171*03 


162-48 


• • 


• • 


162*48 


0-487 


• • 


. . 


?'798 


970*63 


504*82 


479*10 


. . 


• • 


479*44 


0*491 


1-845 


• . 


970*63 


610*01 


536*64 


0*850 


2*352 


466*41 


0-480 


• • 


6*726 




1499*13 


930*23 


819-18 


0*862 


2*320 


709*33 


0-472 


• • 


6*693 




2291*56 


1273*69 


1164-91 


1*688 


1*184 


1080-60 


0-471 


■ • 


6*299 


^ 


, 2291*56 


1114*91 


1059*16 


• . 


m • 


1059-16 


0-462 


3*511 


• • 




102*09 


64*95 


54*17 


1*914 


1044 


50-86 


0-498 


■ • 


4*495 


1 


108*53 


56*59 


53*77 


• • 


• a 


53-77 


0-496 


4*20 


• • 




120*55 


62*90 


59*75 


• • 


• • 


69-75 


0-495 


4*92 


• • 


, 


120*55 


98*89 


76*44 


0-384 


5*208 


56-95 


0-472 


• • 


10*072 


I -0621 


226*81 


186*83 


152*57 


0*472 


4*237 


110-38 


0*486 


• « 


8*924 




227*63 


132*64 


117*77 


1*054 


1*897 


104-86 


0-458 


• • 


6- 102 




832*76 


162*72 


154*58 


• • 


■ • 


154*58 


0-464 


4*101 


• • 




440*03 


211*37 


200*80 


• 1 


• • 


200-84 


0-456 


2-001 


• • 




440*24 


210*45 


199*93 


• * 


• 9 


199*93 


0*454 


2-789 


• • 




215*67 


108*62 


103 19 


• • 


m • 


103*19 


0-478 


3*478 


• • 


0*83 


821*47 


175*49 


164*74 


0*933 


2*145 


133*34 


0-414 


• • 


6-918 




604*06 


468-80 


389*44 


0*506 


3-952 


293*51 


0*484 


V 9 


8*858 



When the motion U uniform, as in the sixteenth experiment of the above Table, we have 
simply for 

Q = 440-37 lbs., P = 211*37 lbs., 

F 200*84 
F = 0'95P« 200-84, / = q = j^ = 0*456. 



FEIOTION. 
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BxnBDonna vpcnr m FRronoN of Elk vpoii Oak, withotit ITHoraiiTS ; thb Fibbbs of 

THx Wood bxiko Pabaujo. to DiBBonoM of Mocioir. 



Sorfaoe 




Mottva Wefgbt Tension of the 


Panmeter, 

aa 


Aooelen^ 




BaUoof 


Velocity at 


of 


Pnenre, Q. 


during 


Cord during 


tion. --• 


Frictioo. 


Friction to 


9'M ft, of 


OoDtad 




Motion, P. 


MoUon, T. 


""'C 




PK88nre,y. 


its Coarse. 


■q. ft. 


Ibi. 


ita. 


lbs. 


feet 




lbs. 




feet. 


/ 


26005 


161*31 


139-19 


0-732 


2-734 


117*18 


0*45 


7-55 




260*05 


187-42 


153-06 


0-469 


4*261 


118*88 


0*45 


9*45 




921*38 


506-69 


450-40 


0*984 


2-031 


392-27 


0*43 


3*60 




921*38 


480-24 


440-46 


1*859 


1-075 


408-73" 


0*44 


4*62 


1*338 


921-38 


454-18 


416-77 


1*902 


1-051 


386-62 


0*42 


4*48 


921-38 


664-42 


625-72 


0*377 


5-291 


874-53 


0*41 


12*46 




1980-10 


1113*83 


976-94 


0*802 


2-494 


821*76 


0*42 


7*41 




1980*10 


1007*77 


927*09 


1*993 


1-003 


865-54 


0-44 


404 




1980*10 


1113*83 


911*42 


1*206 


1*657 


787-42 


0*40 


5*68 


\ 


1980*10 


1298-70 


1104-86 


0-600 


8*830 


899*99 


0-45 


8* 10 




244*81 


135*42 


122-36 


1-414 


1*414 


108-93 


0*45 


5*25 


•063 


389-58 


811*19 


240 06 


0-347 


5-756 


171-43 


0-44 


10*50 




917-79 


479*76 


439-82 


1-734 


1*153 


408-60 
Mean .• 


0-44 


4*76 




0*434 





EZTEBXMEim UPON THX FbIOTIOH OP SOFT OOLITIO LIMB8TONS OF JaUXOHT, NXAB MkTZ, 

I7F0N Srom OP thb saxb kind, wttbout Umguxnt 



Sorftce 
of 

GontacL 


PresBor^Q. 


MotlTe Weli^t 

during 

MoUon, P. 


Tension of the 
Gbrd during 
MoUon. T. 


PiamneteTf 
2a 


Acceleim- 
tlan.i. 


Friction. F. 


Ratio of 
Friction to 

Presnre,^. 


Velocity of 

9*84 ft of 

its Path. 


sq.a 
0*861. 


lbs. 

814*04 

314 04 

1264*18 

1374*94 

1274^94 

309*56 

331*62 

1257*50 

1257*50 

1257*50 

298*40 
298*40 
298*40 
597*93 
597*93 
597*93 


lbs. 

254 18 

254*18 

999*63 

1034*92 

1034*92 

293*88 

293-88 

1034*92 

1140*78 

1140*78 

240*95 
240*95 
293*88 
465*91 
465-91 
571-77 


lbs. 
222-40 
218-36 
853-54 
859-41 
859-41 

245*40 
244*65 
925-13 
943-99 
924*82 

218*80 
211*02 
239*18 
421*45 
431*15 
485*40 


feet 
0*829 
0*682 
0*621 
0-499 
0-499 

0-536 
0-524 
1066 
0-488 
0-426 

1*426 
0*841 
0*451 
1*341 
2*499 
0*597 


2*412 
2*929 
8*216 
4*001 
4*001 

8*725 
8*815 
1*874 
4*101 
4*687 

1*402 
2*377 
4*433 
1*491 
0*800 
8*347 

General 


lbs. 
198*89 
187*60 
727*50 
700-86 
700-86 

Mean .. 

209-56 
207-97 
851-95 
783-89 
741-28 

Mean .. 

205-31 
189-01 
198-10 
893-79 
416-28 
423-25 

Mean .. 

Mean .. 


0-633 
0-597 
0-575 
0-549 
0-549 


feet 
6-890 
7-579 
7-940 
8-858 
8-858 




0-580 




0*499 


0-677 
0-627 
0-677 
0-623 
0-589 


8*498 
8-662 
6070 
8-990 
9-613 




0-639 




■ 

RoandedJ 

•"I 


0-688 
0-633 
0-664 
0-659 
0-696 
0-709 


5-249 
6-824 
9-350 
5-413 
3-970 
8-104 


( 


0-675 






0-631 





When the soft limestone slides npon soft limestone, and especially when the moving hody resta 
npon surfaces of small area, the latter are destroyed rapidly during the experiment. This cir- 
cumstance, and the presence of the dust powder resulting nom it, have not changed the laws 
observed. 

Though leather is a soft and very compressible substance, its friction is proportional to the 
pressure, and independent of the velocity, tnroughout the whole range of the experiments in the 
next Table. 
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FRICTION. 



EZPEBIUENTS UPON THE FbICTION OP StBONG LeaTHEB, TaNNED, AND PLACED FLATWISE UFOH 

Cast Iron. 



Area of 

Sarfaoes in 

Oontact. 


Natnro 

of the 

Unguent 


PnoBure. 


HotfTO 

Weight 

daring the 

Motion. 


Tennioa 
of the 
Gonl. 


Para- 
meter. 


Yalne of 

the Acoele* 

ration, 

1 

c' 


IVietkn. 


IlaUoof 

Friction to 

PrcaiuT& 


Velodtj 

at 9-84 ft 

ofiU 

Cooiae. 


sq.ft. 
0-4155 


Nothing. 
Water. 

Tallow. 

oa. 

Oily 
surface. 


lbs. 
/ 471-02 
\1106-42 

( 291 -01 
291-01 
291-01 

(1115-03 

fllU-lO 
1114-10 
1114-10 

1.1114-10 

( 298-49 

299-17 

1114-10 

1114-10 

]1114-10 
1 478-92 


lbs. 
320-35 
637-94 

188-02 
161-55 
135-08 
977-58 

214-48 
214-48 
320-36 
426-10 

39*26 

92-19 

148-32 

214-48 

320-35 
135-08 


lbs. 
291-83 
606-04 

154-78 
133-85 
118-83 
689-54 

193-80 
198-54 
279-52 
350-41 

37-30 

76-29 

140-91 

196-22 

294-48 
123-77 


feet 
1-548 

• • 

0-497 
0-524 
0-926 
0-244 

2 042 
2-584 
0-795 
0-475 

0-548 
1-804 

2-011 
1-950 


1-292 

• • 

4-024 
3-816 
2-159 
8-196 

0-979 
0-776 
2-516 
4-210 

3-649 
1-108 

0-944 
1025 


lbs. 
272-75 
606-04 

Mean .. 

118-63 
96-44 
99-49 

407 11 

Mean .. 

163-21 
172-38 
192-43 
182-99 

Mean .. 

37-29 

42-52 

140-91 

157-93 

Mean .. 

260-07 
108-66 

Mean .. 


0-579 
0-547 


feet 
5-02 

• • 




0-563 




0'4155 


0-408 
0-342 
0-342 
0-365 


8-86 

8-66 

6-56 

12-70 


0-4155 


0-364 

0146 
0-155 
0-172 
0-164 


4-53 
3-87 
7-09 
9-06 




0-159 




0-4155 


0-124 
0-142 
0-126 
0-141 


8-46 
4-59 




0-133 

0-233 
0-227 


4-66 
4-66 




2-30 





EXPEBIMENTS UPON THE FBICnON OF BbASS UPON OaK, WITHOUT UnOUENT ; FlBIOES OF WoOD 

Parallel to the Dibection of Motion. 



Sarfiioe 

of 
Gontact. 



•q.ft 



433 



0-141 



PreiBQTe. 



Ibe. 

257-13 

257 
1539 
1539 
1539 
1989 

248 

248 

763 
1531 
1531 



13 
90 
90 
90 
83 
31 
49 
97 
26 
26 



HoUve Weight 
daring Motion. 



lbs, 

161-46 

161- 

981- 
1114 
1273 
1378-97 

161-72 

188' 

532 

981 
1273 



61 
99 
32 
11 



86 

07 

■89 

11 



Tension of 
the Oord. 



lb& 

153-36 

153-61 

932 • 69 

1068-80 

1101-97 

1290-72 

153-60 

169-56 

487-11 

932-69 

1103-69 



Parameter. 


Acoelera* 

Uon,i. 
C 


feet 




* . 


. • 


1-548 
0-707 
4-846 


1-291 
2-828 
0-460 


1-283 
1-956 


1-558 
1-022 


0-719 


2-780 




1 



Friction. 



lbs. 
153-39 
153-54 
932-89 

1007-79 
967-05 

1262-61 
153-61 
157-58 
462-99 
932-89 
971-73 

Mean .. 



Ratio of 

Friction to 

Pressore. 



0-60 
0-60 
0-60 
65 
62 
63 
61 
0-63 
0-60 
0-61 
0-63 










0-616 



Velocity at 

• •84 ft of 

Ooune. 



ftet 



7-48 
3-05 

5-21 
4-92 

7-51 



For the experiments where we have not indicated the Talne of the parameter of the law of 
motion, and that of the acceleration, the motion was slow and somewhat uncertain. 

The results contained in this Table confirm the three laws before enumerated, but we remark 
that the mean value of the friction, which is here 616, is more considerable than in the case of oak 
rubbing against oak, or than that of elm upon oak, for which the results are consigned to the 
Tables of pages 1572 and 1573. 

We shall see, by the following Table, that the coefficient diminishes oonsiderablv when the 
friction ooours between two metallic surfaces 



FRICTION. 
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ExFEBiHKirra UPON THE Pbiotion OF OAgT Ibon UPON Oaw Ieon. 



Sorfkoefl 


Un- 


FMssure^ 


MotlTO 

Weight 


Tension of 
theOord 


Fan- 


Aooele- 
ratioa, 


*%_ > ^1 


Batioof 
Friction 


Velodty 
at 


Contact. 


goent 


Q. 


during the 
Motion. 


during the 
Motion. 


meter, 
2a 


1 
C 


Frlctfcn. 


^ to 


• •84 ft. 

Of Path. 


* 


■q. ft 




Iba. 


Ibi. 


Ite. 


feet. 




lbs. 


. 


feet 








/ 496-10 


108-62 


95-78 


0-993 


2 012 


64-49 


0-130 


6-37 


• 






496-10 


135 09 


113-38 


0-585 


3-417 


60-79 


0-122 


8-20 








1091-14 


320-37 


283-32 


0-938 


2-130 


211-15 


0-193 


6-50 




0-3874 


Noth. 


1091-14 


426 08 


336-38 


0-378 


5-291 


157-18 


0-144 


10-17 




A^W1IU# 


1104-80 


174-79 


166-05 


. • 


* . 


166-05 


0-150 


• a 


Slow. 


. 




4412-70 


796-73 


745-58 


4-267 


0-468 


681-74 


0-154 


8-25 








4412-70 


929-06 


865-85 


3-316 


0-604 


783-54 


0-177 


8-48 








V4412-70 
ril04-37 


1054-77 
399-74 


949-52 
361-17 


1158 
1-402 


1-726 
1-426 


712-94 
Mean .. 
812-32 


161 


5-81 
8-90 






0-154 






0-282 




0*3874 


Water 


lll04-87 


505-61 


432-96 


0-646 


3-095 


324-60 


0-293 


9-25 






ft flV^I 9 


1 2202 -70 


770-26 


731-36 


• • 


• * 


731-86 


0-332 


• • 


Uniftyrm. 






(2202-70 
1091-14 


876-13 
201-25 


806-43 
191-15 


2-036 

. ■ 


0-982 

• • 


739-30 
Mean •■ 
191-15 


0-336 


4-53 

a a 






0-311 






0-175 


Slow. 


03874 


Soap. 


1091-14 


320-37 


287-77 


1-251 


1-598 


231-00 


9-211 


5-68 








(1091-14 
/ 496-10 


373-30 
52-49 


321-78 
49-87 


0-695 

• • 


2-87d 

• 

• a 


224-47 

Mean .. 

49-87 


0-205 


7-09 

• • 






0-197 






0100 


Slow. 






496-10 


78-96 


65-48 


1-950 


1-024 


50-40 


0-101 


4-56 








1103-43 


108-64 


103 17 


* • 


• . 


103-17 


0-093 


* • 


Slow. 






1103-43 


201-25 


179-20 


1060 


1-885 


114-64 


0104 


617 




0-3874 




Tallow 


J 1103-43 


240-95 


212-87 


0-939 


2 130 


117-81 


0-106 


6-47 




' aaaAW vT ■ 


\ 2214-98 


293-88 


271-14 


2-286 


0-875 


211-30 


0-095 


4-20 








2214-98 


293-88 


274-54 


4-023 


0-497 


243-34 


0-109 


308 








2214-98 


426-10 


379-70 


0-999 


2-000 


243-33 


0109 


6-80 








6185-82 


624-70 


593-47 


• • 


• 
• • 


593-47 


0-096 


• • 


Very slow. 






V1108-14 


108-62 
/129-48 


103-17 
118-70 


2-011 


•• 
0-994 


103-17 

Mean .. 

84-62 


0-093 


•• 
4*53 


Slow. 




0-101 






0-076 










129-48 


118-13 


1-767 


1-131 


79-44 


0-071 


4-72 










133-89 


121-19 


1-395 


1-432 


72-16 


0-065 


5-61 










133-89 


120-99 


1-414 


1-414 


72-54 


0-066 


5-58 










138-31 


126-29 


1-767 


1-131 


85-82 


0-077 


4-59 




0-3874 


Uid. 


1103-48 


138-31 


124-41 


1-295 


1-544 


71-55 


0-065 


5-51 










188-35 


123-55 


1-341 


1-491 


72-71 


0-066 


5-44 










138-35 


124-41 


1-295 


1-544 


71-55 


0-065 


5-51 










193-44 


168-15 


0-783 


2-553 


80-65 


0073 


7-12 










193-44 


167-07 


0-731 


2-734 


72-94 


0-066 


7-28 










V193-44 


168-92 


0-823 


2-430 


85-68 
Mean .. 


0-078 


6-82 






0-070 





This Table, besides verifying the laws of the proportionality of the friction to the prossore, and 
Its independence of the yelocity, shows that water rather increases than diminishes the friction of 
cast iron. We see also that tallow, somewhat hard, does not reduce the friction so mnch as lard. 

ConaequenceB of the Sxperitnmts. — The experiments made by Morin upon the friction proper of 
plane surfaces upon each other comprise 179 series, answering to different oases, according to the 
nature or condition of the surfaces in contact ; and they all, without exception, lead to the follow- 
ing results; — 

The friction during the motion is — 

1st. Proportional to the pressure. 

2nd. Independent of the area of the surfaces of contact. 

8rd. Independent of the velocity of motion. 

Experiments upon the lotion at Starting^ or token the Surfaces have been some time in contact,— Th» 
same apparatus has served for the experiments upon friction at the stext, or after a prolonged con- 
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FBIOnON. 



tact, whose aim was to establish in what oases there is a notable diflferenoe between it and that 
produoed during motion. This difference, which, according to the case, arises from very different 
causes, may in general be attributed to the reciprocal compression of the bodies upon each other, 
and to a kind of gearing of their elements. The time or duration of the compression probably 
exerts an influence upon the intensity of the resistance opposed by their surfaces to sliding. But 
l^nerally this resistuioe reaches its TTHLTimnm at the end of a very short period. 

EXFERmSNTS UPON THE FrIOTION OT OaK UPON OaK, WITHOUT UlTGUBNTS, WHEET THE SUBPAOEB 
HATE BEEN SOME TIME IN CONTACT ; THE FiBBES OF THE SLfmNQ PlEGEB BEING FEBFKNDIODLAB 
TO THOSE OF THE SlEEFEB. 



Extent of the 

Snr&oeof 

Oontact 



sq. ft. 
0-947 

0*043 



PreflBore, Q. 


Motive Effort or 
Friction. F. 


Ratio of the 

Friction to the 

PresBura,/. 


lbs. 


lbs. 




120*55 


6715 


0*55 


282 49 


150*23 


0*53 


495 01 


252*34 


0*51. 


1995*23 


1171*10 


0*58 


2526*65 


1287*16 


0*51 


389*85 


203*80 


0*52 


402*98 


212*44 


0*53 


1461*08 


854*77 
Mean .. 


0-58 


0*54 



The friction seems to be proportional to the pressure^ which varied from 120 lbs. to 2526 lbs., 
and independent of the surfaces of contact, which varied in the ratio of 1 to 22, the smallest being 
-043 sq. ft., and the greatest 0*947 aq, ft.; this last value exceeds those usually employed for slid- 
ing BuHaoes in mechanical constructions. 

The ratio of the friction to the pressure is here raised to 0*54, while it was only 0*48 during 
the motion, as was the result of the Table, page 1572. The friction at the start is saised then 
about an eighth above that which we first considered. A similar increase oooors in all similar 
cases. 



EXPEBDfBNTS UPON THE FBICnON OF OaX UPON OaK, WITHOUT UnOUENTS, WHEN THE SUBFACES 
HAVE BEEN SOME TIME IN CONTACT. TUE SUDINO FlEOES HAVE THEIB FiBBES VERTICAL, 
THOSE OF THE FiXED PiXCES ABE HOBIZONTAL AND PaBALLEL TO THE DiBEOTION OF MOTION. 





Extent of the 




Motive Effort 


Rstio of Friction 






Soriiaoe of 


PreHare.Q. 


or 


to 


Time of Contact. 




Contact. j 


Friction, F. 


Preasure,/. 






• 


■q. ft 


lbs. 


lbs. 










/ 


432*12 


184*88 


0-427 


5 to 6" 








432 12 


184-88 


0-427 


10* 








432*12 


157-43 


0-364 


1' 






, 


696*77 


354-59 


0*509 


6' 








696*77 


304-31 


0-436 


30" 






*6845 


696*77 


342-03 


0-498 


8 to 10' 








882 01 


405-32 


0-459 


8 to 10' 








1106-99 


555-73 


0-502 


10' 








1106 99 


430-03 


0-388 


5 to 6" 








2205-30 


810 24 


0-367 


15' 




• 


\ 


2205*30 


882 60 
Mean .. 


0-400 


10* 






434 





This Table shows that for wood the friction at the start presents for equal surfaces and pres- 
sures great differences from one experiment to another, and that the resistance attains its maximum 
in a short time of contact, which seems not to exceed some seconds. We, in fact, see that the 
figures answering to five and six seconds are not inferior to those relating to a contact of fifteen 
minutes, the longest of any recorded in the Table. 

The mean value of the ratio / of friction to the pressure is 0*434, but it would be well in appli- 
cation to reckon it at 48 or even 50. 

We still see by these experiments, in the following Table, that the friction at starting, as well 
as the friction in motion, is mdependent of the extent of the surface of contact, and is proportional 
to the pressures. 

These figures, moreover, difier so little from each other, that we may place all confidence in the 
general mean * 74, and employ it in all similar cases. 
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EZFKRDfXMTS UFOK THB FBICfTIQir OF OounO LmnrOHB VTOS Oounc LlMmON^ WHEN TBX 

SUBFAGES HAYE BEEN FOB SOME TIME IN OONTAOT. 



Sorfiioeof 
Gonuct 



•q. It 
0-8611 



0-4992 



Edges / 
zoimded.\ 



Preflsnre^ Q. 



lbs. 

814 01 

830-85 

1162-72 

1274-93 

1274-93 



809-55 
1257-49 
1257*49 



298*88 
602*32 



Motive Effort 

or 
Friction. F. 



Ibe. 
228-88 
239*25 
949-64 
932-87 
958-02 

Mean .. 

228-88 
983-16 
983-16 

Mean .. 

228-88 
442-58 

Mean .. 



(General Mean .. 



Ratio of 

Faction to the 

Prenare,/. 



0-728 
0-723 
0-752 
0-731 
0-751 



0-737 



0-739 
0-781 
0-781 



0-783 



0-774 
0-740 



0-757 



0-740 



TImeofOontaet 



15' 

15' 

15' 
6 to 6" 
5 to 6" 



2' 

10' 

1' 



2' 
5 to 6" 



EzPEBDfENTS TJPOM THB FbICTIOK OF OOUTIO LiMBSIONB UFON OOLXTIO LUIEBTOBE, WHEN THB 
SUBFACES HAVE BEEN SOME TIME IN CONTACT WITH A BeD OF FbE8H MoBTAB. 



Sorlhoeof 
Oontact. 



aq. ft 



0-8611 



0-4992 



01636 



PrMnire,Q. 



lbs. 
825-66 
506 
783 
783 
783 
1167 



08 
98 
98 
98 
73 



809-55 
489-97 
781-10 
1164-86 
1164-86 
1169-27 
1548-61 



819-82 

500-25 

791-37 

1161*90 



Motive Effort 

or 
Friction, F. 



lbs. 
253-98 
404-87 
580-87 
608-22 
655-73 
983-16 

Mean .. 

239-21 
879-74 
568-30 
807-15 
907-74 
807-15 
1159-17 

Mean .. 

254-02 
804-30 
480-26 
731-69 



Botio of Friction 

to 

Pressure,^. 



Mean ., 
General Mean .. 

































780 
800 
740 
773 
709 
841 



773 



772 
775 
727 
792 
779 
690 
748 



745 



794 
608 
607 
629 



659 



0-735 



Time of Oontaot 



10' 
10* 
15' 
10* 
10' 
15' 



10* 
10' 
10' 
15' 
10' 
10' 
15' 



10' 
10' 
10' 
15' 



These experiments show that the friction at starting is for these stones very nearly the same 
with the interposition of mortar as without. 

In recapitulating, recent trials have caused ns to see that the friction at the moment of starting, 
and after a very short time of contact, is — 

Ist. Proportional to the pressure. 

Sod. Independent of the area of the surfoces of contact ; and that furthermore, for compressible 
bodies, it is notably much greater than that which takes place during motion. 
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Observation reiaiive to ths JSxpuUion of Unguents under Heavy Pressures, and by Prolonged Contact, 
— ^We have observed metallio bodies with unguents of grease or oil, under very great pressure, 
compared to their surfaces^ and find, after a contact of some duration, that the nnguents are ex- 
pelled, so that the surfaces are simply in an unctuous state, and thus have double the friction of 
surfaces well greased. This shows ns why the effort required to put certain machines in motion 
is, disregarding the influence of inertia, often much greater than that required for maintaining a 
rapid motion, and proves that, for an experimental appreciation of the friction of machines in 
motion, We need not, oa is sometimes done, make use of the same methods as for machines starting 
from repose. 

Influence of Vibrations upon the Friction at Starting. — ^Another remarkable circnmstance noted in 
the experiments at Metz is, that when a compressible body is solicited to slide by an effort capable 
of overcoming the friction of motion, but inferior to the friction at starting, a simple vibration, 
produced by an external and apparently a slight cause, may determine the motion. Thus, for oak 
rubbing on oak, the friction at starting is 0*680 of the pressure, and the friction during motion is 
0*480 ; BO that, to produce the motion of a weight of 2205 lbs. it is necessarv then to exert an 
effort of 1500 lbs., while there is only needed 1059 lbs. to maintain it. Still, under an effort equal, 
or a little above 1059 lbs., and by the effort of a vibration, the body may be started. 

This important observation applies to constructions always more or less exposed to vibrations, 
and shows that, if in the calcuUtions for machines for producing motion, we should take into 
account the greatest value of the friction, we should in those relating to the stability of construc- 
tions, on the other hand, introduce its smallest value, that for motion. It seems, finally, to explain 
how it sometimes happens that buildings, for the stability of which no imeasiness was felt, have 
fallen at the passing of a wagon, and how the firing of salutes from a breach battery may, at certain 
times, accelerate the fall of a rampart or a building. 

Influence of Unguents, — Fat unguents considerably diminish friction, and the consequent wear 
of surfaces. But from the observations made, p. 1575, we see that though the friction is in itself 
independent of the extent of the surfaces, it is well to proportion them to the pressures they are 
appointed to sustain, so that the unguents may not be expelled. We would also remark that all 
the experiments in consideration were made under pressures more or less considerable, and their 
results should only be applied to analogous cases. Iq fact, we may conceive that if the pressures 
were so great, in respect to the surfaces, as to occasion a marked defacement, the state of the sur- 
faces, and consequently the friction, would vary ; or that, on the contrary, if the surfaces were 
great, and the pressures very slight, the viscosity of the unguents, usually disregarded, might then 
exert a sensible influence. 

We would observe that, in general, and especially for metals, pure water is a bad unguent, and 
often increases rather than diminishes the friction. 

Adhesion of Mortar and Solidified Cements. — ^But, for mortars which have set and acquired a 
proper degree of dryness there exists a different condition of things. Adhesion and cohesion take 
the plluse of friction, and the resistance to separation becomes sensibly proportional to the extent 
of the surface of contact, and independent of the pressure exerted, either at the moment of rest or 
that of separation. 

For limestones bedded with mortar of hydraulic lime of Metz, the resistance Is about 2112 lbs. 
per square foot of surface. With other limes, undoubtedly common, M. Boistard has found 
1426 lbs. With plaster, the resistance seems to follow the same law ; but it varies considerably 
with the instant of the setting of the plaster, which seems to exert a great influence upon the 
cohesion. 

Observation upon the Introduction of IViction and Co?iesion in CalctUations upon the Stability of Conr 
structions. — Finallv, we would remark that friction cannot, in the case of beddings in morter, or in 
plaster, show itself until the cohesion or adhesion is overcome, and that consequently these two 
resistances cannot coexist. In calculations upon the stability of structures, we should only reckon 
upon one of these, and that the weakest. 

Experiments upon Friction during a Shock, — ^Poisson, in his Traits de M^canique, expresses him- 
self in these terms ; — ^' Though no observations have been made upon the intensity of friction 
during a shock, we may suppose, by induction, that it follows the general laws of friction of bodies 
subjected to pressures, since percussion is only a pressure of 
very great intensity exerted during a very short time." 

To verify by direct observation the correctness of this 
supposition, and at the express invitation of Poisson, Morin 
undertook many experiments, choosing for that purpose the 
case of strips of cast iron sliding upon bars of cast iron spread 
with lard, since this had been the subject of careful study in 
his preceding experiments, and is the case which most fre- 
quently occurs in practice. 

Description of the Apparatus employed in the Experi- 
ments, — The apparatus which Morin employed differs from 
that described m p. 1570, onlv in the following disposition 
necessary for suspending to the sled, at a deured height, 
the body designed to produce the shock, and allowed to fivU 
at will during the motion. 

Upon the sides of the box of the sled. Fig. 8048, are 
raised two frames of firm uprights ab and a'b', pierced with 
holes at intervals of -16 ft., through which pass two iron 
pins ; upon these pins rests a movable cross-piece c d of oak. 
By raising and lowering the pins, the heignt of the cross-piece c d above the sled may be varied 
at will. A screw e and nut passes freely across a hole cut in the middle of the cross-piece, and 
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bears a plier with ring legs, upon which is suspended a shell to give the shook. The two legs 
of the pliers are bound with strips of wick with quick match, holding them shut. By means of 
the screw e the height of the shell above the surface shocked can be e^otly regulated. 

We may easily conceive from this description, the box and uprights being firmly fastened to 
the sled, that the whole system partakes of a common motion, and that if at any instant of its 
course the shell falls upon the sled, it &l^s there with a vertical velocity due to the height of the 
fall and with a horizontal velocity which, as we shidl see hereafter, was sensibly the same as that 
of the sled. By means of the ligature of the legs of the {>liers we accomplish the fall of the shell, 
without any external concussion or disturbance. For this purpose a man sets fire to the match, 
and gives the signal for the starting of the sled ; combustion is communicated to the upper part 
which keeps the pliers closed ; these open suddenly and let loose the shell, without any possibility 
of disturbing the common motion of the system of the two bodies. 

General Circumstances of the Experiments, — ^The experiments were made in impressing the sled, 
sometimes with a uniform, and sometimes with an accelerated motion. The first of these motions 
was obtained at will, b^ giving to the descending box a weight just sufficient to overcome the 
frictiozi, and in snspendmg under this box a shell of 110 lbs. weight, which onlv descended 1*64 ft. 
when its action ceased. As for the accelerated motion, it was produced wnenever the motive 
weight surpassed the friction. The law of these motions was moreover detennined, in each case, 
by means of curves traced by the style of the chronometrio apparatus. 

General Examination of what occurred in these Experiments, — ^We can readily appreciate the mode 
of action during the experiments. We take, for example, a case where the system of the sledge 
and the shell suspended above it is impressed with a uniform motion. At tne instant when the 
combustion of the wick allows the legs of the pliers to separate, the shell is free, and fiedls ; during 
its fall, until the moment it reaches the sledge, the latter being freed from the weight of the shell, 
acquires an amount of motion precisely eqi^ to what would be consumed by the friction due to 
this weight. The horizontal velocity of the sledge, at the instant of the shock, is then a little 
greater tSian that of the shell. After this the forces of compression developed by the shock pro- 
duce a friction variable as thonselves, at each instant, which consumes a certain quantity of 
motion ; so that the sledge, whose progress was accelerated during the fall of the shell, is aner- 
wards retarded during the action of the shock. 

FormtUm employed in Calculating the Results of the Experiments. — ^As it is desirable to prove 
whether the friction remained proportional to the variable pressures produced during the short 
intervals of the phenomena, we pro^Bed to give some formuhs relative to this hypothesis, which we 
will hereafter compare with the results of experiment. We consider first the case of uniform motion, 
and call 

Q the weight of the sledge, and the suspending apparatus of the shell ; 

q the weight of the shell producing the shock ; 

/ the ratio of friction to the pressure for the surfaces in contact ; 

A the height of fiiU of the shell above the sledge ; 

U the vekxsity due to this height ; 

T the time of the faU; 

y the horizontal velocity of the sledge and shell at the instant when the latter is let 
loose by the pliers ; 

y the velocity of the body after the shock; 

^ = 821817 ft Q + 
At the instant when the shell is freed, the quantity of motion of the system is Y. 

The weight of the shell, when connected with the sledge, produces a friction /^ which, in each 
element of time f, consumes a quantity of motion fqt, and which, during the time of the £edl, 
would consume the quantity fg T. 

But since, on the other hand, the shell ceases to press upon the sledge during this time, it 
foUows that the quantity of motion gained by the system by reason of this diminution of pressure, 
is precisely /gT. 

At the instant when the shell reaches the sledge, the quantity of motion possessed by the 

system is then ^^^^^ +/gT. 

g 
From this instant, and during the whole period of the shock, the shell loses, in each element of 

time, an element of velocity, and consequently a quantity of motion - u, whence results a force 

if 

of compression ~ X - , producing a friction — X 7 . This friction consumes in an element of time 
g t 9 ^ 

a quantity of motion — • -, and when all relative motion in a vertical direction is destroyed, the 

9 * 
friction due to the forces of compression has finally consumed a quantity of motion equal to 

9 

Consequently, when the shock has terminated, we should have between the quantities the 

relation ^k±i>Z + / ^ t - -^ = ^-ti V, or / (y ^ T - / <? U = (Q + g ) ( V - V). 
9 9 9 

Now, the shell falling with a uniformly accelerated motion by virtue of gpravity, we have, 
evidently, U = </ T, whence it follows that V = V ; that is to say, that in our apparatus the quan- 
tity of motion destroyed by the friction resulting from the forces of compression must be precisely 
equal to that which it gains during the fall of the shell. 
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These two effeots are fOooeflBive, but take place in a short interval of time, and therefore occasion 
in the cnrve of motion nndnlations in opposite directions, which do not affect the general law, and 
are scarcely appreciable, either in the dranghted conre or that made from the abstract of the 
Table. 

The Acceleration of the Motion of the Sledge during the Fixll of the SheUmay he neglected, — It is easy 
to be assured a priori that the acceleration of the yelocity of the sledge during the fall of the shell 
was always very small in our experiments, though the height of the fall has reached 1 * 97 ft. We 
observe, then, urom what has just been said, that calling Y^ the horizontal velocity of the Bledg( 

Q Q 

at the moment when the shell reaches it, we shall have --V+/9T = ~y|, whence 

9 9 



e 



V,-V 



Q 



Making, for example, 9 s= 110*27 lbs., A = 1*968 ft., and U = 18*80 ft., Q = 590*68 lbs., 
/ = 0-071, which answers to one of the most intense shooks produced during the experiments, we 
flndV|-V = 01829ft. 

Now, the shock of the shell in the horizontal direction taking place only in virtue of this differ- 
ence in yelocity, we see that its effect upon the general motion should be quite insensible, and we 
may, as we haye done in the preceding calculation, neglect its influence upon the general motion 
of the sledge. 

Caae cohere the Motion of the Sledge ie Aocelerated. — ^The preceding reasoning applies to the case 
where the system of the uiell and of the sledp;e is impressed with an accelerated motion, and it 
follows that if, as we have admitted^ the friction during the shock remains proportional to the 
pressure, the general law of motion m our apparatus cannot be affected; or, in other words, that 
if, before the fall c^ tiie shell, the motion is uniform or accelerated, according to a certain law,' it will 
still be so after the shook: according to the same law. The only disturbance which will result will 
be sometimes manifested by undulations, which, in most cases, would hardly be appreciable. More- 
over, the hMdness or compressibility of the body in contact should not have any influence upon the 
result, and in causing the shell to fidl upon the beechwood joists composing the sledge, or upon a 
mass of soft loam placed upon it, we should, for circumstances otherwise sunilar, find the same law 
of motion, which sbould be the same as though there had been no shock. 

Sesults of ExperimenU, — ^It remains now for us to compare the results of the formul» with those 
of experiments which have been made, some when the sledge was impressed with a uniform motion, 
and some when the motion was accelerated. In these experiments we have varied the weight of 
the shells imparting the shock from 26*43 lbs. to 110 lbs., or nearly 1 to 4 ; the ratio of the weight 
of the body imparting the shock to that of the body shocked, from -^ to k and the height of the 
fall from 0*828 ft. to 2*29 ft., or from 1 to 7. The shock was producea upon wood, and upon 
loam placed upon the sledge. If. then, the laws which we have admitted in the preceding formubd 
are verified by experiments witiiin such extended limits, we may conclude that they subsist for 
presBuresideymopea during the shook, as well as for others without shocks. 

£XFSBIMKMT8 UFON THl FBIOnOV OF OaST IfiOlT UPON GA8T IbOK, WITH AH UhOUINT QT LaBD 

DUBIKO THB ShOGS. 



Wei 

the 



tUdit of 
a^dge. 



lbs. 



492*80 



478*26^ 



Weight of 
the^ihere. 



Um. 



26*42 



26 

26 

55 

55 

55 

55 

55 

55 

55 < 

55 

55 

110- 

110' 

110- 



42 
42 
13 
13 
13 
13 
13 
13 
13 
13 
13 
27 
27 
27 



Total 
Vceeon 



Um. 



518-72 



504*68 
504*68 
533*39 
533*39 
533*39 
533*39 
533*39 
533*39 
533*39 
533*39 
533*39 
588*53 
588*53 
588*53 



ITiil^it of 
Fill of the 
QpheTOb A. 



Modvtt 

W^fl^tdvfa^ 

UDifomi 

Modon. 



Um. 



41*812 



37*708 
87*708 
40*887 
40*887 
40*887 
40*887 
40*887 
40*887 
40*887 
40*887 
40*887 
44-946 
44*946 
44*946 



RIotloOt 
F. 



Fdctioato 
Pmnire,/. 



Ydodtgrof 
UnifooD 
MotkxL 



Iba 



89*264 



0075 



35*832 


0071 


35*832 


071 


38*843 


0*072 


38*843 


0072 


88*843 


0072 


38*843 


0072 


38*843 


0072 


38*843 


072 


38*843 


0072 


38*843 


0072 


38*843 


0-072 


42-698 


072 


42*698 


0*072 


42-698 


072 



feet 
2*761 
2*624 
2-715 
2*643 
'682 
-460 
558 
534 
678 
755 
2*797 
2*659 
2-624 
2*656 
2*672 
2*814 
3033 
2-961 
3*043 



2 
2 
2 
2 
2 
2' 



} 



No shock. 



No shook. 



No shook. 



AUe.— The shook is produced by the fall of a cast-iron sphere upon beech joists, while the system 

sUdcs with a unifonn motion. 
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EzTKRDnDrro tttok thb Fbiotion of Cast Iron upon Oast Ibox, with an Ukquknt of t.aut^ 

DUBINO THB ShOOK. 



Weight of 
theSlfiilge. 



Weight of 
theSphete. 



TdUl 

PramirBt 

Q + fl. 



Height of 
Fall of the 
^heretAi. 



Ibt. 



590-68 



590-68 



Um. 



55-12 



110-24 



lb«. 



646-83 



700-96 



feet 

/0-98\ 

' 0-98 * 



1-96 

2-95 

2*95 

2-95 

. 0-98 

\0-98/ 

1-97 






Motive 
Wdfljit daring 
Ijnifonn 
Motion. 



Friction, 
F. 



Ratio of Velocity of 
Friction to ' Uniform 
Pravore,/. , Motion. 



lbs. 



48-16 



52-86 



Um. 



45-94 



49-74 



0-071 



071 



I 



{ 



feet 
2*829 
2-744 
2-427 \ 
2-460/ 
2-576 
2-935 
2-547 
2-347 
2-702 
2*828 
V2-853 
2-675 
2-853 



No shook. 
Ko shock. 



No shook. 



JMe. — ^Tho shock is produced by the fall of a sphere upon a mass of loam, while this mass and the 

sledge slide with a common uniform motion. 

We see by these Tables that the Telocity of nnifonn motion has been the same in the experi- 
ments made with the shocks as in those without them, whatever may have been the height of the 
falL This Telocity, in all cases, has depended solely upon the load or total pressure of tiie motive 
weight and the state of the surfaces. 

An examination of the curves of motion shows from the Tibrations produced by the shock 
throughout the apparatus — ^which are felt even at the style—in what place the shock was pro- 
duced, and whether it occurred in the period of its course, when the motion had become unifonn, 
or in that when it was accelerated, the draughted curve and the abstract of the Tables afford but 
slight undulations, and the motion remains or becomes uniform with the same velocity. 

Finally, these experiments show that in the shock the frictions due to the pressures developed 
are still proportional to these pressures and independent of the velocitv. 

FHction of Journala, — ^Besides the experimento previously reported upon the friction of plane 
surfaces, Morin has made a great number upon that of journals by means of a rotating dynamo- 
meter with a plate and style. 

The axle of this dynamometrio apparatus was hollow and of cast iron. It could receive, by 
means of holders exacUv adjusted, a change of poumals of different materials and diameters. Its 
load was composed of solid oast-iron discs weighmg 331 lbs. each, whose number could be increased 
BO as to attain a load of more than 3042 lbs. A pulley, the friction of whose axle was slight, and 
which transmitted the motion by the intervention of a spring, received by a belt, the motion of a 
hydraulic wheel, and tiie difference of tension of the two parts of the l>elt was measured by the 
dynamometer with the style. 

Journals were from -11 to *22 ft. in diameter. The velocities varied in the ratio of 1 to 4. 
The pressures reached 4145 lbs., and within these extended limito we have proved that the friction 
of journals is subject to the same laws as that of plane surfaces. But it is proper to observe that 
from the form itself of the rubbing body the pressure is exerted upon a less extent of surface, 
according to the smallness of the diameter of the journal, and that unguento are more easily 
expelled with small than with large Journals. 

This circumstance has a great innuence upon the intensity of friction, and upon the value of ito 
ratio to the pressure. The motion of rotetion tends of itself to expel certain undents, and to 
bring the surfaces to a simply unctuous stete. The old mode of greasing, still used m many cases, 
consisted simply in turning on the oil, or spreading the lard or tallow upon the surface of the 
rubbing body, and in renewing the operation several times in a day. 

We may tnus, with care, prevent the rapid wear of journals and their boxes ; but, with an im- 
perfect renewal of the unguent, the friction may attein *07, '08, or even *1 of the pressure. 

If, on the other hand, we use contrivances which renew the unguento without cessation in 
sufficient ouantities, the rubbing surfaces are maintained in a perfect and constant stete of lubri- 
cation, ana the friction falls as low as '05 or -03 of the pressure, and probably still lower. The 
polished surfaces operated in these favourable conditions became more and more perfect, and it is 
not surprising that the friction should fall &r below the limite above indicated. 

These reflections show how useful are oiling fixtures in diminishing the friction, which, in 
certein machines, as mills with complicated mechanism, consume a consiaerable part of the motive 
work. We cannot, then, too much recommend the use of appliances to distribute the unguent 
continuously upon the rubbing surfaces of machines, and it is not surprising that a great number 
of dispositions have been proposed for this purpose within a few years. We should oe careful to 
select those which only expend the oil during the motion, excluding those which feed by the capil- 
lar action of a wick of thready substances. These constantly drnin the oil even during the repose 
of the machine^ tiins consuming it at a pure loss. 
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•EZPKRIMKNTS TTFOH THB FBIOnON OF GaST-IBON JoTTBNALS UPON GaST-IBON BEABISaS. 



Diameter of 
Jounialfl. 



feet 



0-328 



0'328 



Nature of 
UngneDt. 



Yelodty of the 

Ctrcnmference 

inl". 



oa. 



on. 



0-177 



0-177 



0-828 



0-328 



Oil. 



Laid. 



Lard. 



Weight of the 

Axle and Its 

Load. 



Lard. 



feet 
0-196 
0-222 
0-488 
0-445 
0-345 

0-212 
0-262 
0-409 
0-488 



0-429 
0-409 
0-465 




lbs. 



2269-4 



2269-4 

Mean 
2241-8 
Mean 



2240-7 



4157 



2276 



Ratio of the 

Friction to the 

Pressure. 



0053 





























101 
109 
101 



104 



Remarks. 




In these experiments the oil 
was poured only upon the surface 
of the journals. 



In these experiments the oil 
was poured ceaselessly upon the 
rubbing surfaces. 



In these experiments the oil 
was expelled oy the pressure, 
and the surfaces were simply 
very unctuous. 



In these experiments the sur- 
faces themselves supplied the 
lard. 



In these experiments the un- 
guent was renewed. 



In these experiments the un- 
guent was continually renewed. 



The examples contained in this Table suffice to show that the friction of journals is in itself 
subject to the same laws as that of plane surfaces ; but they also show the great influence which 
the constant renewal of the imguent possesses in diminishing the value of the ratio of the friction 
to the pressure, which sometimes falls as low as *025. 

We see also that the diameter of the journals seems to have some influence upon the more or 
less complete expulsion of the unguent, and consequently upon the friction, so that the dimensions 
to be given them should not be determined from a consideration solely of their resistance to 
rupture. 

Recapitulating the summary of the experiments which Morin has made upon the friction of 
joumala shows that it is nearly the same for woods and metals rubbing upon each other, and that 
its ratio to the pressure may, according to the case, take the values given in the following Tables. 



Stats or Subpacbb. 



• with rotten-stone and 
perfectly greased. 


OonthniaUy supplied with 
unguent. 


Greased fh>m time to time. 


Unctuous. 


0-025 to 0030 


0-050 


0-07 to 0-08 


150 



Advantage of Granulated Jifetals,^li is not true, as is generally supposed, that the friction is 
always less between substances of diiOferent kinds than between those of the same kind. But it is 
well generally to select for the rubbing parts granulated rather than fibrous bodies, and especially 
not to expose the latter to friction in the direction of the fibres, because the fibres are sometimes 
raised and torn awav throughout their length. In this respect fine cast iron, which crystallizes in 
round grains, as well as cast steel, are very suitable bodies for parts subjected to great friction. 
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Thus, for serenl yean past, a oast-iron packing has come into very general use for the pistons of 
steam-engines. If for the boxes of iron or oast-iron axles, brass continues in use, it is chiefly 
because it is less hard, and wean out before the axles, and because it is easier to replace a box than 
an axle. 

Bemarks upon 9ery light Mechanisnu, — ^In very light mechanisms, and especially with very rapid 
motion, the visooeity of the unguent may offer a resistance similar to that pxoduced by friction 
proper; in such cases the results of experiments made under considerable pressures in relation to 
the suirihoes of contact, should only be applied with extreme caution. 

Use of the Betuits of Experiments,— ^The results obtained from the experiments of Morin are 
resumed in the three following Tables, which give the ratio of the friction to the pressure, for all 
the substances employed in construction. The first of these Tables relates to plane surfaces which 
have beem some time in contact. The values which it gives for the ratio / of friction to the pressure, 
should be employed whenever we are to determine the effort neoessarv to produce the sliding of 
two bodies wmdi have been some time in contact. Such is the case with the working of gates and 
their fixtures, which are used only at intervals more or less distant. 

L— FsiOnON OF PlAHX SUBrACBS WHIGH HAVE BESS BOMB TDIX JS OORTACT. 



Kind of Sorlkoei in Ocmtact 



Oakonoak .. . 

Oak on elm 

Ehnonoak 

Ash, pine, beech, on oak 

Tanned leather on oak | 

Black curried ( on plane oak surface 
leather or belt \ on oak drum .. 

Hemp matting on oak 

Hemp cord on oak 

Iron on oak 

Oast iron on oak 

Brassonoak 

Ox-hide for piston packing on cast ironj 

Black curried leather, or belt uponi 
cast-iron pulley / 

Oast iron upon cast iron 

Iron upon cast iron 

Oak, elm, yoke elm, iron, cast iron,) 
and brass, sliding two and two one> 
upon the other .. ) 

Oalcareous oolite upon oolite limestone 

Hard calcareous stone called musohel-| 
kalk upon oolite limestone . . / 

Brick on calcareous oolite .. 

Oak on „ „ 

Iron on ,. „ 

Hard muschelkalk on musohelkalk . . 

Oalcareous oolite upon „ 

IMck on muschelkalk 

Iron upon „ 

Oakon „ 

OalcareouB oolite on oalcareous oolite 



Diiporitionofthe 
Flbrca. 



Parallel .. . 
Peipendicular 



»». 



Wood upright on 

wood flatwise 
Parallel 



99 

99 



Perpendicular 
Parallel .. . 



Oondltlon of the 
Sorlkoet. 



The leather flatwise^ ( 
edge/ 1 



The leather on 



Parallel .. . 
Perpendicular 

Parallel .. . 



99 



99 



Flatwise .. 
On edge .. 

Flatwise .. . 

99 .. . 

„ .. . 

99 .. « 

99 .. . 

99 .. • 

Wood upright' 

99 
99 
99 
99 
99 
99 






9 • 
• « 



99 



Without unguent 
Bubbed with dry soap 
Without unguent 
Moistened with water 

Without unguent 

99 •• 

99 •' 

Bubbed with dry soap 
Without unguent 

99 •• 

99 •• 

99 •• 

Moistened with water 
Without unguent 

99 •• 

99 •• 

Moistened with water 
Without unguent 

99 •• 

Moistened with water 



99 •• 

Without unguent 
Moistened with water 
With oil, lard, tallow 

(Without unguent 
Moistened with water 
Without unguent 

99 

/Spread with tallow 
\With oil, or lard 

Without ungueht 



9» 

99 
99 
99 
91 
99 
9» 
99 
99 



« • 



With mortar, three 
parts fine sand, and 
one part of hydrau- 
lic lune 



Ratio of 
FrlcUuQ to 


















































62 
44 
54 
71 

43 

38 

69 

41 

57 

53 

61 

43 

79 

74 

47 

50 

87 

80 

62 

65 

65 

62 

62 

12 

28 

38 

16* 

19 

lot 

74 

75 

67 
63 
49 
70 
75 
67 
42 
64 



0-74§ 



* The forlkoet being lOiiiewbAt mctnooi. 

f When the conted had not been long enough to preas oat the angoent 

Z When the oootaiot had been long enoogh to praaa ont the nngoent end bring the sntum to an onctnona atate. 

$ After n contact of fkum tan to mteen mlmilwi. 
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II.— FsiCfnoN OF Plakb Subfaoes ik Motion uroir each otheb. 



Svrfiuxs in GoDtactb 



Oak on oak 



Elm on oak , 

Ash, pine, beeoh, wild pear, on oak .. 
Iron on oak , 



Cast iron on oak 



Copper on oak 

Iron on elm 

Gast iron on elm 

Black onrried leather on oak 



Tanned leather on oak 



Tanned leather upon oast iron and| 
brass / 



■■{ 



Hemp stripe or oords upon oak .. 

Oak and elm on cast iron .. 

Wild pear on cast iron 

Iron upon iron 

Iron upon cast iron and brass 
Gast iron on cast iron and brass . . 
Cast iron on cast iron 

ion brass 
on cast iron 
on iron 

Oak, elm, yoke elm, wild pear, cast 
iron^ iron, steel, steel and brass, 
sliding upon each other or them- 
selves 

Calcareous oolite on calcareous oolite 



It 



n 



Musohelkalk upon 
Common brick upon 
Oak on oolitic limestone 
Forged iron upon oolitio limestone 
Muschelkalk upon musohelkalk 
Oolitic limestone upon 
Common brick on 
Oak on 



It 
It 
It 



Iron on 



It 



Position of Fibres. 



Parallel .. .. 

II •* - •• *• 
Perpendicular 

II •• •• •• 

Upright on flatwise 

Parallel 

Perpendicular 

Parallel 

II 

II • 

It •• .•• •• 

It •• •• •• 

It 

II 

•I 

Flatwise on edge . . 

Flatwise and on 
edge 

Parallel 

Per]^<^dicular 

Parallel 

II • 

It 

II 

II •• •• 

It • 

II 

It •• •• •• 

It • 

It •• •• 

It 

Wood upright 

Parallel 

•• •• 

■• •• 

■ a • • 

Wood upright 
Parallel 



State of SuzfiMeB. 



Without unguent .. 
Bubbed with dry soap 
Without unguent .. 
Wet with water 
Without unguent .. 



Ratio of 
'Friction to 
Preisiire,y« 



{ 



II • • • • 

Wet with water 
Bubbed with dry soap 
Without unguent .. 
Wet with water 
I Bubbed with dry soap 
Without unguent .. 



tt 



\Wetwi& water 
Without unguent .. 
Wet with water 
Unctuous and wet 

with water .. 
Spread with oil 
Without unguent .. 
Wet with water 
Without unguent .. 



tt 
It 



• a 



II • • • • 

Wet with water 
Without unguent .. 

Lubricated In the 
usual way with 
tallow, li^ soft 
coom, Ac. .. .. 

Slightly unctuous to 
the touch 

Without unguent .. 



{ 



It 
tt 
II 
It 
II 
It 
II 
II 



• ■ 






Wet with water 



0*48 

016 

0-34 

0-25 

019 

0-43 

0-45 

0-25 
36 to 0«40 

0-62 

0-26 

0-21 

0-49 

0-22 

0*19 

0-62 

0-25 

0*20 

0-27 
30 to 0-35 

0-29 

0-56 

0-36 


















23 

15 
52 
33 
38 

44 

* 

18t 
15t 
'31 
20 
•22 



0-16t 
i0-7to0-8| 


















15 

64 
67 
65 
38 
69 
38 
65 
60 
88 
24 
-30 



* Sarlkoea worn when there was no nngnent. 

•f The rarfaoee still being slightly nnctnoua. 

Z The surfkoes dightlj nnctuous. 

i When the unguent la oonsuntly supplied, snd uniformly laid on, this ratio maybe lowered to O'OS. 



Table 11. relates to plane surfaces in motion noon each other ; Table IIL applies to ioumals in 
motion upon their beanngs. The values given oy these Tables ought not to be used except to 
calculate the friction of two surfaces in motion upon each other, alter the period in which the 
coeiBcient of friotion at the starting has been introduced. 
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TTI.— Friotjov of Journals tk Motiok rrox theib Pillows. 



Soifaoca !d CoaUct 



/ 



SUte of (Surface?. 



Cast-iroD joornals on cast- 
iroD beariDgs 



>• •• 



Gast-iroD cushions on brass! 
cushions 



Cast-iron jonmals on lig- 
num- vile bearings 

Wrought-iron journals cnf 
cast-iron bearings . . ..\ 

Wroagbt-iron journals on 
brass bearings 



• • • • 



Iron journals on lignum-? 

vitsB bearings ..\ 

Brass joumiOs on brass? 

bearings \ 

Brass journals on cast-iron 

cushions 

Lignum -vitaB journals on 

cast-iron cushions . . 
Lignum -yits journals on.. 

lignom-yiUs oushions .. /j 



I 



Unguents of olive oil, of lard, of 
tallow, or of soft coom 

With the same nnguentsand moist- 
ened with water 

Asphalte 

Unctuous 

Unctuous and wet with water 

Unguents of olive oil, of lard, of 
tallow, and of soft coom 

Unctuous 

Unctuous and wet with water 

Slightly unctuous 

Without unguent 

Unguents of oil or lard 

Unctuous with oil or lard 

Unctuous, with a mixture of lard 
and black-lead 

Unguents of olive oiK tallow, lard, 
or soft coom 

Unguents of olive oil, tallow, lard 

Unguents of soft coom 

Unctuous and wet with water 

Blightly unctuous 

Unguents of oil or lard .. 

Unctuous 

Unguents of oil 

Unguents of lard 

Unguents of oil or tallow * . . . 

Unguents of lard 

Unctuous 

Unguent of lard .. .. •• 



lUtio of Frktioo to the Prarare 
whflo tbe Ungnenl It renewed. 



In tbeCocDBioD 
Way. 



GonUovoailj. 



0*07 to 0*08 0*080 to 0-054 



0-08 
0-054 
014 
0-14 

0-07 to 0-08 
016 
016 
0-19 
0*18 

o'lO 

014 

0-07to008 
0*07to008 

0-09 

019 

25 

0-11 

019 

O'lO 

0-09 



0*12 
0-15 






0*03 to 0*054 



* 



t 
0*090 



0*030 to 0*054 
0*030 to 0054 



X 



0*030 to 0-052 



• ■ 



0*07 



3049. 



* Tbe surfaces begaa to wear. f The wood being illgbtty unettioiii. % The rarfaoee began to wear away. 

Application to Gates, — Let L be the horizontal width of a gate under a certain head of water, and 
H' the head or height of level above a horizontal section of this gate, of a thickness h' infinitely 
small. The pressed surface of this element will be L h\ and the pressure which it will experience 
will be 63*32 LH' A'. The total pressure upon the entire surface of the gate being equal to the 
sum qf all the similar pressures upon each of the elements, will have for its value 

62*32 L(H' A' + H" A" -h H'" A"' + &c.). 

Now, the products L H A', L H" A", Arc, are the moments of the elementary surfaces L A'. L A'^ ftc.« 
in relation to the plane of 'the level, and their sum is equal to the moment of the whole surface equal 
to L £ H. Calling £ the height of the gate pressed, and H the distance of the centre of gravity 
from the surface of the level, or the head upon the centre of the 
figure. Then the total pressure is 62*32 LE H. and the friction 
which results against the slides of this gate is 62*32 / . L £ H, 
/ being the ratio of the friction to the pressure for the surfaces 
in contact, a ratio whose value should be taken from the first 
Table, if we are to calculate the effort required to put the gate 
in motion. 

Sxample.-^U L = 6*56 ft., Fig. 8049, E = 1*148 ft., H = 
4-92 ft., the first Table gives for a wrod gate of oak sliding 
with crossed fibres upon oak wet with water / =r 0*71 ; we havo 
then for the friction 62-32 x 0*71 X 0*56 X 1*148 X 4*92 ft 
«r 1689*4 lbs. 

The effort should be transmitted in the direction of the racks 
fixed upon the gate ; and as it is considerable, it will be proper 
to arrange a kind of screw-jack, suitably proportioned, for the 
establishment of which we may take as the effort to be exerted 
by a man upon the winch, at any instant, from 55 to 66 lbs. at most, and during the motion firom 
22 to 26-5 lbs. 

^hen the gate is in motion, the effort to be transmitted to the lacks is much less, because 

5 I 
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the ratio of the friction to the pressure diminishes, and is roduoed for a gate with F»^iiftfPfii! 
^dott to O*20y which gives for the friction during motion, 

62^32 X 0*25 L EH = 62*32 x 0*25 x C*56 x 1*148 x 4*92 = 577*2 Ibs^ 

at the first instant, and a value decreasing with the raising of the gate, or as the head H upon its 
centre is lessened. 

We hardly need to say that, in working the gate, we must calculate for the maximum effort. 

Application to Sato^frames. — ^If we have, for example, the frame of a saw for veneering, subjected 
to a pressure of 110*274 Ibs^ and provided with iron strips sliding in brass grooves, greased with 
lar«l, we have, if the surfaces are well lubricated, for the friction, 0*07 X 110*274 = 7*719 lbs., and 
if they are unctuous, 0*15 x 110-274 = 16*54 lbs. 

If the stroke of the frame is 3*936 ft, and the number of strokes 180 in 1', the space described 
in 1" will be 11* 81 ft., and the work consumed by tho friction of the fiame in. 1" will be in the first 

case, 2 X 11 *81 X 7 719 = 182*32 lbs. ft. = r horse-power nearly ; in the second case, 

o 

2 
2 X 11*81 X 16*54 = 890* 66 lbs. ft. = - horse-power nearly. 

o 

Appiioation to Journals. — To calculate the work consumed by the friction of the journals of a 
revolving axle, we begin by seeking the resultant of the foxxses acting around this axle, and decom- 
pose this into two, the one horizontal and the other vertic^ and we take separately the resultant 
of each of these groups. Calling X the sum of thehorizontai components, Y the sum of the 

vertical componen ts, the general resultant will be V X' + Y*, and the friction produced by it will 

be/.VX2 + Y«. 

The tlieorem of Ponoelet, already cited, informs us that when we do not know the order of 

magnitude of X and Y, we may calculate to nearly - of the value of the radical by the formula 

0*83 (X -f Y), and that if we know beforehand tliat one of the terms, X for example, is greater 

1 

than the other, which is most usually the case, we shall have the value of the radical to ~ nearly, 

by the expression 0*96 X + 0*4 Y. 

Suppose, for example, that we have a hydraulic bucket-wheel weighing 88,219 lbs., transmitting 
a useful effect of 50 horse-power to the exterior circumference, and imparting motion to a pinion, 
so tliat the useful resistance may be horizontal and represented by Q. Suppose the radius of the 
wheel R = 9'84 ft., the velocity at its circumference to be 5*249 ft, and the radius of the gearing 
wheel B' = 6* 56 ft The effort P transmitted to the droumferenoe of the wheel will be 

„ 50 X 550 ^^^ -, 

P = = 5239 lbs, 

5*249 •'*«'*»«• 

The pressure upon tho journals of the hydraulic wheel will be V (M + P)' + Q*, or, since 
M zs. 88219 lbs., and consequently M + P is greater than Q, we may take for an approximate value 

of the ladical to J- nearly, 0*96 (M -h P>+ 0*4 Q. 

For uniform motion, the moment of the power P must be equal to the sum of the moments of 
resistances. We have then, in calling r the radius of the joumai = 0*393 ft., / = * 07, 

5239 lbs. X 9*84 = Q X 6*56 + 0*96 (0*07) (88219 -h 5239)(0*393) + 0-4(0*07)(Q X 0*393); 

n - 5239j<9 * 84 - 0; 96 X 0; 07 j<_93458 x 0*89 3 _ . 
whence Q- 6*56 x 0-4 x 0*07 X 0393 -7469 lbs., 

while if we had neglected the friction of the journals, we should have found 

^ 5239x9*84 - *^,, 
^= 6>56 =7858*6 lbs. 

2 
The velocity of the gearing wheel Iieing 5*249 x ^ = 8-499 ft. The work tiansmitted to this cir- 
cumference in 1" is 7469*8 lbs. x 3*499 = 26137 lbs. ft. = 47*5 horse-power. The loss by the 
friction of the journals is then 50*00 horse-power ^ 47*5 = 2*5 H. P. 

If the surfaces of the journals had not been unctuous the loss would have been doable. 

The space described by the rubbing points, being one of the factors of work consumed by the 
passive resistance, it is important to diminish it as much as possible, and consequently to give 
the journals only such diQuensions as will ensure a proper strength. 

To calculate their diameter in the establishment of the wheel, we disregard the friction, which 
will give us a first value of Q = 7858 lbs., a li ttle too muc h, and conaequently for the resultant of 
the efforts to which the joumai is subiected, ^/ (93458)' -K7858*6)* = 98787 lbs. 

Each journal supports then nearly 46893 lbs. of pressure, and its diameter, calcuhited by the 

formula for journals of hydraulic wheels, will be d = • 00364 V 46893 : whence d = -788 ft. 

This is the value which we have adopted in tho preceding calculation. 

C, Schiele's AnU-friction Curve, — This invention consists m the application of a curved form 
(instead of a rectilinear form usually employed) to the construction of cocks and valves, and also 
to the construction of axles, j'oamals, bearings, or other rubbing surfaces in machinery in general, 
in order to reduce their friction and consequent wear and tear. 

Fig. 3050 reprasents a plan and end view of a small apparatus for describing such a curve. 
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a a is a bhibII ^roodeoi dide, to ^hich the rod & 6 ia jointed by meens of a pin «. (f is a slide or bnsh, 
to which a drawing pen is affixed, and « e is a ruler, along the edge of which the slide a is to be 
gnided. If the slide a and rod 6 6 be so placed that the pin c shall be at / and the pen d at the 
point g^ the centre line at the rod 66 will then be over the dotted line gf, at a right angle with 
the dott^ line ^n ; and if the slide a be then guided along the edge of the ruler ee the pin o will 
move along the dotted line In, dragging the pen d after it, which in trayelling over a horizontal 
plane will describe the curved line A m. The pen d can be moved upon the rod 6 to the proper dis- 
tance for the curve required, and is kept in that and in a vertical position by a spring which fits in a 
groove. / n is the axis of the curve, and g /, hljinn, represent some of the tangents above mentioned. 

Fig. 3051 represents a vertical section of the shell of a stop-cock, showing the application of 
this invention to the seats or surfaces of contact. The dotted lines near the top of the plug a 
represent a groove in the plug for the reception of a key. 

Fig. 3052 represents the application of this curve to the seats or surfaces of contact of lift-valves 
for pumps. 

Fig. 3053 shows its application to the journal and bearing of a regulator for a locomotive 
engine, to be used instead of a stuffing box. a is part of the boiler of a locomotive engine ; 6 jfi the 
spindle of the regulator, and o is the journal; d is the bearing, and e is the lever or handle by which 
tne regulator is turned. The spindle 6 is fiimished on that end which is inside the boiler with a 
square bole for the reception of the squaied end of a rod ^, which has to tzanAnit the motion to the 
valve. 




Fig. 8054 shows the* application of Christian Schiele*s curve to the journals and oentrei of 
taming lathes. 

Fi^ 8055, 3056, show the application to axles on the parts a, 6, c. Here the pressure acts only 

at intervals in the direction of tne axis, and must therefore be borne separately. The difference 

of their construction from that commonly in use will be seen on comparing Figs. 8055, 3056, with 

Figs. 8057, 3058. 

5i2 




'atom to pivots m ues fin artronomleal, or mmj- 
fee Fig. 9D61, which ahowi » mode of oonitnictlMi 
[own in Fig. S060, ia •In appUoable to footateiM of 



im- Hritton to the eonatrnottoD of the tbteads of sennra. 

• ~ -,~ itoiHtod in the tnode deeoribed aott in the direotiini 

the oonitnwtion of the oorve with tliat put 

Ig, 80M, at 6, B, and li; Figa. 8052, SOSSTat 

Fig. 8062. Wlioi put of the premue acta 

.. put of the oarre which in it* inelinatian to the 

lie prcemro of the combined foroea ; for examplee, 

' and A, and Fig. 8059. 

rre to a eafetj-Talve. Fir. 3064 to a look-np 

imp. Fig. 8066 a uniTersal ooob adjiutable at any 

lal of a screw propeller. Fig. S068, taming joiat 

for astronomio^ instnimenfai ; also applioalde to 

'iM, ^- 3071, pivot for abafting. Fig. 30^ pivot 

■ — - . i.t»,„_™,«^i. Fig. 3071, OBitor. Fig. B07S, 
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FRIOnON, 



This curve, termed the anti-friction curve bv Christian Schiele, is known to mathematicians as 
the tractrtx; it has been erroneously identified with the catenary. This curve was invented by 
Christian Huygens and received its name from a supposition that it is the curve which would be 
described by a weight drawn on a plane by a string of a given length, the extremity of which is 
oarri^ along the directrix A B, Fig. 3082. Euler has shown that this conclusion is wrong, unless 




the momentum of the weight which is generated by its motion be every instant destroyed. See 
Euler, Nova, Comm. Petrop. 1784. However, to Scniele is due the credit of applying this curve 
to effect an important mechanical requirement. 

The characteristic property of the anti-friction curve, or traotrix, is that the locus of a point T, 
on the tangent P T, at a given distance from the point of contact, is a straight line A X, which is 
called the directrix of the curve. 

To fiwl the eqtkition to the Anti-friction (^inw.— Let the intercept (PT) of the tangent between 
the directrix A X and point of contact P be put = a. Then by the general formula for the sub- 
tangent 



From integrating [1] we obtain 



ydv 
dy 



= (a" - tn^ ' 



. = .^«-±^^*).(,.«,^*; 



[1] 



[2] 



In general terms |, (y) is put to represent the dual logarithm of j^ to the base B = 1 '00000001 ; 

but ^^^^ corresponds with the hyperbolic log. of y to eight places of decimals. J, (y) = ^^^^^ » 

to any of the dual bases B. or h„, is termed the logarithm of y. Equation [1] may be found by 
differentiating [2], and thus verify the integration. 
[2] may be put under the form 

* = J ,[« + («'- y^*] - a J , (y) - (a- - yS)* ; 



dx 



ay 



-U 



(aa-y3)*[a + (a«-y«)*] ^ (a^ - y«)* * 
ydx ay* y« 

"^y a{a^^ y«)* + («' - 3^*) («» - yO* 
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8ud 



^yJl -a= f 11^ yi-| \ ; 



V* 

; coiuequently, 



a + (a« - y«)* 



lb find the equation of a tangent thrxmgh any given point P on the Curve. — ^Let the oo-ordipates 
of the given point be «, =: A M and y, = M P. 

Pn)m[l]J^ = ?— -: [3] 

Hence the equation to the straight line passing through P, and touching the curve at P, is 

y - yi = — I (« - *i) ; W 

(a« - y,«)t 

The geometrical construction for applying a tangent to the anti-friction curve is obviouslv 
pointed out by [4]. With the centre A and the radius a = A B let a cirde be described ; through 
any point P of the curve let thc^ ordinate P M be drawn, and P P' parallel to A X, meeting tne 
cir3le in P', and let P' A be drawn ; a line P T parallel to P' A in a tangent to the curve at P. 

For tangent of P' A M' = ^ — r = tangent of the angle P T M. It is evident that when 

(«• - y«)* 
y = db a « = 0, therefore if A B = + a and A B', Fig. S082, = - a, the curve meets the axis of y 
at the points B, B' ; and in [4^ if y, = :k<h and x, = 0, the equation becomes x = 0, which shows 
that the axis of y touobes the curve at the points B, B'. 



a« 



If [3] be differentiated, we have d* y = r-^ ^ y <f ^, hence, d* y and y have always the same 

sign, and the curve must be everywhere convex towards the directrix. 

By r2] it appears that for each value of y there are two equal and opposite values of x^ and for 
each value of Ji there are two equal and opposite values of y. Therefore the four branches of the 
curve, included in the four rignt angles round the origiii A are perfectly equal and similar, and 
such as if placed upon each other would coincide. It also n^pears by equation [2] tLat, as s 
increases without limit, y diminishes without limits and cousequently the directrix A X is an 
asymptote. 

To quadrate the Anti-friction Curve, from [1] we have y ddP = (a* — y*)' dy. On one side of this 

equation, y <l» is the differential of- the area A B P M ; and since — (u* — y*)' = A M', = P' G» the 
other side is the differential of the area B P' 0, and therefore taking the integrals of both sides we 
have PB A M = B F 0. Alsd, since the trianWe F A M' = PTM, the area B P T A is equal to 
the sector B A F. It also follows that the wnole area included by the four branches is equal 

to the area of the circle B F B'. To rectify this curve, we find from [1], - -— = (dy« + dx*^ 

the general expression for the length of any plane curve referred to rectangulsr co-ordioates. The 

negative sign is appended to — - , because the length of the arc increases ss y diminiuhes. By 

y . 

Integration we have ^ a |, (y) + Q = /(<f «> -f dy*y. To find the constant C, let the arc K be 
supposed to begin at B, so that when K s 0, y = a ; hence - a |, (a) + G - 0, .-. = a j, (a), and 

hence we flud the length of the arc K = o j, C-\ . If a = 3 in. and y = '8 in.; then the Kngth 

of the arc K = 690775527 in. For | (^^ = i, (10) = 2-80258509; and 2-80258509 X 8 = 

6*90775527 in. When K and y are given a can be found by dual arithmetic, but by no other 
known means. 

Putting r for the radius of curvature at any point P, Fig. 8082, and substituting in the general 
formula for the radius of curvature the values of the first and second differential coefficients, we 

find r =s — — ^: --1. . Hence by geometrical construction the radius and centre of the osculating 

y 
circle may be found thus ; — let P Q be perpendicular to the tangent at P, and prodaoed to meet a 
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perpendicTiIar to the directrix at T, tlie intercept PQ is the ladiiu^ and Q the oentro of the 
oeculating circle ; forPM : PT :: T M : P Q, by the aimilar triangles M P T, B P Q. 

Tofnd the evoiute of the Anti-friction Curve.— hei the oo-oidinates of the centre of the ofloulating 
oirole be X|, j/,. By subetituting in the general formulao for the values of these the particular values 



of the differential ooefBci^ts, the results are yx =^ -~ <^d X| = x + 
and y by means of these equations, and that of the curve, the result is x 



Vx 



.=aj,[ 






2], 



which is the equation of the evolute. The evolute of the anti-friction curve of Sohiele is therefore 
a catenary, whose parameter is a = A B, Fig. 3083, whose vertex is at B, and whose axis is A Y. 



oosii. 




If a string P G applied to a catenary O B, have its extremity P at the vertex B, and be wound ofl^ 
its extremity P will describe the anti-friction curve, in the examination of which mathematicians 
have blundered much. See Acoelbiiation. Belts.* Bbakb. DTNAMOMiniSB. Geabinq. 

FRICTION AL GEARING. Fb., Engrenage de frottement; Gbb., fHctionscheiben ; Ital., 
Huote ad attrito ; Span., Organo de trasmision de mooimiento sin fricdon. 

See Geabino. 

FUEL. Fb., Combustible; Geb., Brennmaterial ; Ital., CombuHibile ; Spav., Combustible, 

Great quantities of combustible substances, of immense importance in metallurgy and the 
'various arts, are found in the bosom of the earth. They are evidently produced by the decom- 
position of vegetables which grew in the vicinity, or the d^ris of vegetables carried down by rivers. 
VcaX mosses exhibit, though on a smaller scale, an example of this formation ; as they consist of 
innumerable herbaceous vegetables, spontaneously decomposed by the action of water and atmo- 
splieric air ; and their various stages of alteration may be followed, from the perfectly herbaceous 
turf to the earthy turf presenting but few or no recognizable remains. 

The vegetable structure is frequently perfectly preserved in the mineral combustibles of the 
tertiary formation, where pieces of wood, called lignite, are found still retaining their original form, 
but having become friable, and yielding a brown powder by pulverization. 

In the mineral fuel of older formations, the vegetable structure has generally disappeared, and 
it forms black, brilliant, compact masses, of a schistose texture, yielding a black, or more or less 
brown powder; it is called pit-coal, or sea-coal, and is rare in the secondary, but>very abundant in 
the transition formation, in the upper stratum of which they are so frequent as to charaoteriBe 
them by the name of coal formation. 

In the upper strata of the transition rocks the mineral fuel, which ia sometimes called anthracite, 
is generally very compact, rich in carbon, difficult to ignite, and yielding but little volatile matter 
by calcination. Anthracite is sometimes, though rarely, found in the superior strata, and even in 
the secondary rocks. 

Pit-coal of the coiU formation yields on calcination a great quantity of volatile substances and 
inflammable gases, and experiences, prior to decomposition, an incipient fusion, while the onal 
remaining, or the coke, presents the appearance of a swollen or bloated mass. Although the 
structure of plants can no longer be recognized in certain combustible minerals, their vegetable 
origin is undoubted, for in the layen of schist or sandstone which bound the layera of coal, impres- 
sions of plants are frequentlv found, which are so distinct and clear as to enable the botanists 
tor detect the family to which they belong, and thus, partly, to restore the flora of antediluvial 
epochs. 

In the tertiary rocks a mineral fuel is also found, which is soft, or easily fusible, forming 
irregular masses, or a kind of strata, and presenting a bearing analogous to that of the lignites, 
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Vhifo at other times they permeate layers of schist or sandstone belonging to various geological 
formations, and then seem to arise from the decomposition, by heat, of other combustible minerals 
contained in the earth. Some of these substances, which are called bitumen^ contain a large amount 
of nitrogen, and are fetid, yielding, on distillation, considerable quantities of carbonate of ammonia. 
They appear to have been generated by the putrefaction of animal matter, chiefly by that of fishes, 
the impressions of which are frequently found in the neighbouring rocks. 
Goals may be divided into five classes;— 

1. The anthracites. 

2. Fat and strong^ or hard pit coal. 

3. Fat bhcksmitha^ or bituminous coal. 

4. Fat coal btirning with a long fiame, 

5. Dry coal burning with a long flame, 

1. Calcination scarcely chanra the appearanoe of anthracites, as their fragments still retain 
their sharp edges, and do not adhere to each other. They have a vitreous lustre, and their surface 
is sometimes iridescent, while their powder is black or greyish black. They bum with difficulty, 
but generate a large amount of heat when thetr combustion is properly efiected. In blast furnaces 
anthracites require a great blast, and those only can be used wnich do not soon fall to powder, as 
otherwise the furnace would be speedily choked. We find that anthracite is used in Wales for 
heating reverberatorv furnaces ; and it is now proper to remark, that the flame produced by tho 
combustible under these circumstances is not owin^ to the combustion of the volatile substances 
given off by the anthracite, but rather to the combustion of the carbonic oxide fbnned by the 
passage of air through a thick layer of fueL 

2. Fat and strong, or hard pit-coals, yield a coke with metallic lustre, but less bloated and 
more deose than tiiat of blacksmiths' coals. Thev are more esteemed in metallurgic operations 
requiring a lively and steady fire, and yield the best coke for blast furnaces. Their powder is 
brownish black. 

3. Fat bituminous, or blacksmiths' coals, yield a very bloated or swollen coke, with metallio 
lustre, and are more highly valued for for^g purposes, oecause they produce a very strong heat, 
and allow the formation ol; small cavities, m which the pieces to be forged can be heated, black- 
smiths' coal is of a beautiful black colour, and exhibits a characteristic fatty lustre : its powder is 
brown. It is generally brittle, and breaks into cubical fragments, which adhere to each other in 
the fire. 

4. Fat coals burning with a long fiame generally yield a swollen, metalloid coke, less bloated, 
however, than that of blacksmiths' coal. These ooals are much esteemed in a rcverberatory furnace^ 
particularly when a sudden blast is required, as in puddling, and are also well adapted to domestic 
purposes, and are preferred for the manufacture of illuminating gas. They yield a good coke, but 
in small quantity, and their powder is brown. 

5. Dry pit-c<Md burning with a long flame yields a solid, metalloidal coke, the various fragments 
of which scarcely adhere to each other hj carbonization. This coal is also applicable to steam- 
boilers, and bums with a long flame, which however soon fails, and does not produce the same 
amount of heat as the coals of the preceding class. 

The elementary analysis of combustible minerals, which easily explains their various properties, 
and indicates the uses to which each is most applicable, is effected liKe that of organic substances ; 
but as coal is generally difficult to bum, it is necessary at the close of the experiment by which tho 

ritity of water and carbonic acid it contains is aetermined, to pass a current of oxygen gas 
ugh a tube, which bums the last particles of carbon. The organic analysis of coal yields tho 
hydrogen, carbon, and nitrogen which they contain ; but it is also necessaiy to determine the pro- 
portion of eurthy matter which exists in very various degrees in them, ana which remains in the 
ashes after combustion. 

For this purpose two gimmes of the coal are ignited in a thin platinum capsule, heated by an 
alcoholic-lamp, and the ashes remaining are weighed. This method of incineration is difficult, 
and requires considerable time, only in those anthracites which do not bum readily, and it is then 
more easily effected if the coarsely-powdered anthracite be placed in a small platinum vessel, 
heated in a current of oxygen in a porcelain tube. 

It is essential carefully to examine the nature of the ashes. Sea-coal of the oo&l formation 
frequently leaves argillaceous ashes, in which case there is a trifling error in the supposed com- 
position of the fuel, because the small quantity of water always contained in clay, and which it 
loses at a red heat, is regarded as existing in the state of hydrogen ; and this error, which is of no 
importance if the quantity of ashes is small, may be considerable in the opposite case. The ashes 
often contain, likewise, peroxide of iron, which metal generally exists in coal in the state of pyrites, 
and the analysis is thus inaccurate for two reasons: the proportion of ashes is valued at too low a 
rate, because, instead of the iron pyrites, sesijuioxide of iron is weighed, the weight of which for 
the same quantity of iron is less ; and again, m combustion by oxide of copper, the substance may 
yield sulphurous acid, which interferes with the determination of hydrogen and carbon. The latter 
cause of error is avoided by placing in the combustion-tube, in front of the oxide of copper, a 
column of one or two decimetres of oxide of lead, whicii completely retains the sulphurous acid. 
The quantity of pyrites in the coal may be ascertained by determining, on the one hand, the 
quantity of ecsquioside of iron which exists in the ashes, and, on the other, the quantity^ of 
sulphuiic ncid yielded by a known weight of coal, powdered very finely, and acted on by fuming 
nitric acid, or ordinary nitric acid, to which small quantities of chlorate of potassa are gradually 
added. It is evident that these determinations are necessary only when the combustible produces 
a large qmintity of ashes, and when the latter are very ochroous. 

Goal belonging to the secondary and tertiary formations often fields calcareous ashes, in which 
caae it becomes necessary, bcforo weighing them, to sprinkle them with a solution of carbonate of 
ammonia, which is Bubscqucntly cvaporotcd at a gentle temperature. But tho determination of 
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the carbon is generally inaeenTate, beeanse the carbonate of lime of the ashes gives off, by contaet 
ivith the oxide of copper in the combustion-tube, a portion of its carbonic acid ; and the oxide of 
coppei must then be replaced by chromate of lead, intimately and largely mixed, with the coal 
reduced to impalpable powder, after which the carbonic acid produced by the carbonates of the 
ashes, which naa oeen determined by direct weighing of these carbonates, is subtracted from the 
carbonic acid formed by combustion. 

Goal also retains one or two per cent, of hygrometrio water, which must be preyiously driven off 
by drying it in a stove at 270° or 280°. 

It is necessary, in order to form a correct iudgment of the nature of a combustible, to determine 
the weight of coke it yields by burning ; and it is indispensable that this operation should always 
be conducted under the same circumstiuices, as the quantity and nature of the coke depend on the 
manner of calcination. The best method consists in placing 3 grammes of the coal in a thin 
platinum crucible, accurately covered by its lid, and rapidly neating to a red heat The crucible 
is kept at a red heat for eight minutes, and after cooling without being uncovered, the ooke is 
weighed and carefully examined. 

The calorific power of fuel is calculated from its chemical composition; admitting that this 
power is equal to the sum of that of the carbon it contains, and that of the hydrogen obtained by 
subtracting from the total quantity of hydrogen that which would form water with the oxygen 
contained in the fuel. This hypothesis is not strictly true, but it may be admitted when the 
quantities of heat afforded by various kinds of fuel are only to be -compared by approximation. 

This comparison is generally made in another way, based on the supposition that the calorific 
powers of combustibles are in proportion to their reducing powers ; that is, to the weight of the 
same oxide which they can reduce to th^ metallic state. An intimate mixture of 1 gramme of 
finely-powdered combustible and 40 grammes of litharge being introduced into an earthen crucible^ 
20 grammes of litharge are added, and the crucible is covered with its lid and rapidly heated to a 
red heat. It is allowed to cool, and, after being broken, the lump of lead is weighed, which rapidly 
separates from the scoria of the litharee ; and it is assumed that the calorific powers of combustibles 
are in proportion to the weight of lesld yielded by this experiment. This supposition is not 
absolutely exact, because combustibles yield, before attaining tne temperature at which they act on 
the litharge, a small quantity of volatile substances possessing a reducing power — which substances 
are more abundant in combustibles of recent formation than in those containing a larger proportion 
of oxygen. 

The following Table exhibits the composition of a large number of kinds of mineral fuel, taken 
from varioift geological formations, and from the kinds iNBst marked and most extensively applied 
in the arts. The fragments containing least ashes have also been chosen, in order to cast no 
uncertainty on the composition of the combustible itself. 

The Table contains, Ist, the actual composition of the coal, as afforded by dureot analysis; and, 
2ndly, the composition calculated by abstracting the ashes contained. 

In order to see how the composition of mineral combustibles varies with their Qualities in the 
arts and geological age, the numbers contained in the last three columns of the Table must be com- 
pansd ; that is, those which exhibit the composition of these combustibles after the ashes are 
removed. On assuming as a standard of comparison the coals of the third class, and ascending 
from this to those of the second, it will be found that the quantity of hydrogen is nearly the same, 
but that the oxygen has remarkably decreased and been replaced by carbon. On passing from ihm 
second class to the first, it will be observed that both the hydrogen and oxygen dflBmn, irhile 
the carbon increases in the same latio. 

Stertiag alwaya fnm fhe bl mAumtk f ood^ we descend toward the fourth class, and remark that 
^nerally the hydrogen exists in greater quantity, and that the carbon decreases remarkably and 
IS replaced by oxygen. Lastly, in the fifth class, the oxygen has still increased, and taken the 
place of a corresponding quantity of carbon. 

Fat pit-coal may become dry in two ways : either by passing into anthracite, the hydrogen and 
oxygen both decreasing, and the carbon increasing in the same ratio, or by approaching the more 
modem combustibles, the lignites^ the carbon decreasing and being replaced by oxygen ; in which 
latter case the ratio between the oxygen and hydrogen increases. 

By now oomparing the combustibles of the secondary with those of the coal formation, it will be 
seen that, in the inferior stratum of the latter formation, the same variety can be distinguished. 
Thus, the anthracites of Lamure and Macot, which are found in the lower part of the Jurassio 
rocks, present the same coihpoeition as those in the transition rocks ; while the coal from Obem- 
kirchen, which also exists in the Jurassic formation, has the same properties and composition as 
those of the carboniferous formation. Lastly, the ooal from Geral, which also occurs in the Jurassic 
formation, belongs, on account of its composition and applications in the arts, to the class of fat 
coal burning with a long fiame. 

The coal found in the upper stratum of secondarv rocks resembles, on the contrary, the 
combustibles of the tertiary rocks or the lignites, which differ from the coal of the older rocks by 
containing less carbon and more oxygen ; and as their formation approaches a modem period, their 
composition resembles more closely that of wood. The charcoal they yield by calcination becomes 
more and more dry : thus, tlie jet of chalk still yields a fritted metalloid coke, while the lignites of 
the tertiary rocks produce a non-metalloid charcoal, the fragments of which do not adhere to each 
other, and resemble in appearance wood-charcoal. 

The bitumens, which are evidently products of distillation of older combustibles, or produoed 
by the spontaneous decomposition of animal substances, differ essentially from coal properly so 
called, by containing much larger quantities of hydrogen. 

See Assaying. Ballast, p. 218. Blast Furnace. Boiler. Brtck-making Machine. 
Chimney. Coal Mining. Copper. Distilling Apparatus, p. 1218. Engines, Vaeuctubb of, 
p. 1418. Heat. Ventilating and Warming. 
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FULLER'S EARTH. Fb^ ArgUe mecHquc, Terre a fouhn ; Gbb., WcUkererde; Itax*., Creta da 
wodoare % panni, 

FttOer't Earth,— The fnllei's-earfth pits of Nntfield, near Reigate, are extensiyely worked, and 
supply large quantities of this subbtanoe to the clothing districts. There are two kinds, one 
greener than the other, owing to the presence of silicate of iron ; but both exist under 'the same 
geological conditions, occurring in the lower cretaceous series, and differing little in chemical con- 
dition. Fuller's earth consists of about 45 silica, 20 alumina, and 25 water. When placed in 
water it almost dissolves, and when exposed to great heat it melts. It combines readily with 
grease, forming a kind of earthy soap, and for this reason is valuable in the manufacture of cloth 
made of animal fibre. The following is the mode of purif ving and jpreparing the raw material for 
use : — The fuller's earth, after it comes from the pit, is*baked or dned by exposure to the sun, and 
then thrown into cold water where it Mia into a powder, and the finer parts are separated from 
the coarser by a method of washing in several tubs, through which the water is conducted, and 
Where it deposits the different kinds in succession. TheBe are used for different kinds of cloth, the 
coarser part for the inferior, and the fine for the better kinds of doth. The soapy combinations 
formed by fuller's earth with the greasy portions of cloth during the fulling of oloth,'are supposed 
in some measure to serve the puipose of mordants. 

FUNNEL. Fb., Entonnoir, iJtenty Hatte de chemin^e; GsB., Triohter, LufUcKacht, Hauchfangf 
Ital., Ccamno; Span., Chimenea, 

A funnel, possessing man^ advantages over those in ordinary use, invented by M. Bignon, is 
shown in Fig. S084. Bison's funnel is constructed of sheet iron. The merit of this apparatus 
consists in its beiuff furnished at its lower extre- 
mity with a oomcaUy-shaped projection, which is, 
in fact, a screw, since it has a thread cut upon the 
whole of its length. The result of this arrange- 
ment is, that it will adapt itself indifferently to 
any sized bimg-hole. At the bottom of this screw 
is placed a small clack-valve, which can be opened 
and shut as reouired. Fig. 8084 is a vertical sec- 
tion passing through the axis of the apparatus. 
The body £ is of sheet iron, tinned inside and 
outside, and soldered to the upper part of the 
copper tubeD, which has two little handles, ofcf, 
cast in one piece with itself, and which serve to 
screw and unscrew the funnel. As the tube her- 
metically closes the orifice of the cask, the air, 
which endeavours to escape from the interior, 
passes out through the little tube a, which has one 
extremitv inside the screw-tube D, and the other 
outside the funnel. The lower extremity of the tube 
forms a seat for the valve c, which is attached to 
the central rod A, whose upper extremity passes 
through a socket f, which retains it in< its proper 
place. The upper half of this rod has a thread 
cut upon it to receive the boss of the handle M, 
which acts upon it like a nut. The modus operandi 
is very simple and e£Bcacious. On turning the 
handle-M to the right or to the left, the opening 
or shutting of the valve c ensues, and the commu- 
nication witii the interior of the cask is thus 
opened or cut off, as required. There is a scale B 
attached to the interior of the funnel, which can 
be graduated to the measures of capacity in 
ordinary use, and which therefore registers the exact quantity of liquid poured into the cask. This 
is a very great advantage when it is necessary to complete the filling of a cask already partially 
filled, and saves the trouble of first ascertaining the quantity in the cask and then of odculatiug 
that necessary to fill the cask. 

FURNACE. Fb., Fbwrneau; Gkb., Of en; Ital., Porno; Span., Homo, 

FumaceSt or roast^vens^ are used for roasting ores ; they differ greatly in their construction, 
according to the method of their use. Iron ores are roasted in ovens similar to a common UtM' 
kiln of luge sixe, and one that may serve for either roasting or burning lime. No fine or small 
ore can be roasted advantageously in an oven of this kind. For other ores than carbonates of 
iron, argillaceous ores, these kilns are not well adapted. Pyrites cannot be roasted in them, 
neither most other ores, because it is impossible to regulate the heat so as to prevent the melt- 
ing of the ore ; and if this hapj^ens, of course that ore is either lost or is with dimoulty recovered. 
In roasting poor iron ores it is extremely difficult to regulate the fire so that no parts of the 
ore are burned dead or melted. For these reasons, kilns for roasting are not so much in use 
as would naturally be expected ; they save fuel, but are more expensive in labour than the open 
heap. 

Reterheratory Furnace, — ^This apparatus forms one of the best furnaces for roasting ; but as its 
application is by no means genend, and as the form of a roasting furnace is modified according to 
the kind, form, and uses of ore, we shall allude to this method when treating of those substances 
to which it is applied. 

There is a variety of forms in the apparatuses for roasting, but we cannot perceive any advan* 
tage in the use of Uiem ; neither in the form of lime-kilns, for wood ; nor cupola ftimaoes, con* 
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straeied like porcelain kilns ; nor large chambers, into whieh the flame ftom a grate is conducted 
through the ore ; nor other forms of apparatus. These contrlyances are not calculated for our 
smelt-works; they cause more labour, and absorb more capital, than a smelting business can 
afford. 

Principles of Roasting, — Boasting means to heat a substance, a metal, or a metallic ore, or matt, 
to at least a red heat, or such a heat that the mineral does not melt, but only the volatile or com- 
bustible substances are expelled, and at the same time as much oxygen becomes combined with 
the ore as it possibly can absorb. It is therefore a principal condition, that with the heat a liberal 
quantity of atmospheric air, or oxygei^ is admitted. In some cases chlorine, carbonic acid, carbon, 
or steam, is required along with the air, or in their pure conditions. In most instances, the object 
is merely to oxidize the ore to a higher degree, or to drive off volatile matter and in the meantime 
oxidize the ore, or to combine chlorine with a certain metal, as silver; or to reduce ore to metal, 
and evaporate the latter, which is the case with arsenic, tine, and antimony. 

The operation proceeds faster when the ore is fine tnan when it is coarse, because more surfade 
is offered to the oxidizing agent: but this method includes the motion of the particles, so as to 
expose their various sides to the heat It is not always necessary that the ore should be a fine 
powder ; but it is of great advantage to have it in pieces of uniform size, because the action of heat 
i|nd air is more regular, and the surfaces acted upon are larger. In roasting more or less fine 
powder, it should he stirred and moved while hot. The melting of the substance must by all 
means oe prevented, for in that case neither evaporization nor oxidation can be accomplished. In 
the kurge operation, and in the reverberatory furnace, the melting of anv kind of substance which 
is to be roasted is easily prevented. Boasting is alwavs applied to oxidize iron ores, in order to 
obtain tiie highest degree of oxidation. A smiple oxioation is performed when magnetic ores are 
exposed to heat and air, and transformed into peroxide. Chlorides are produced when, for instance^ 
hot silver ore is brought in contact with chlorine, or a salt of chlorine, such as common salt ; the 
roastinff operation is here performed to reduce the oxide. When arsenic is to be evaporated, we 
put carbon in the mixture, and produce metal, which is more easily evaporated than its oxide. An 
evaporating, roasting process, is that which is performed on hydrated oxides, when only water is 
evaporated ; a compound operation is performea when evaporation and oxidation are produced at 
the same time. In roasting pyrites, blende, and arseniurete, the volatile substances are driven off 
by heat, and the remainin^^ metal is at the same time oxidized, which is brought, in most <n"*A^nA^ 
to the highest degree of oxidation. 

The affinity of the metals for other substances than oxygen, and the form in which these com* 
binations appear, modify the process of roasting considerably. We shall allude to those particulars 
in the proper places; but it may be right to stote here some general circumstances which have a 
bearing upon the subsequent operations. Iron cannot by any means be entirely freed from sulphur, 
phosphorus, or arsenic, by roasting; the presence of the vapours of water facilitates the expulsion 
of these substances, but the roasted ore never can be made entirely free from them. Blende, or 
snlphuret of zinc, is extremely slow to oxidize, and never can be purified from all the sulphur. 
8uiphuret of bismuth is equally slow of oxidation, not for want of affinity for oxygen, but because 
it is so highly fusible that its melting cannot be prevented. Sulphuret of copper is easily purified 
from.all its sulphur. Galena is of very difficult oxidation, almost as much so as bismuth. 8nl* 

8 buret of silver is easily liberated from its sulphur, and forms metal ; the same is true wiUi gold, 
leroury acts in a similar manner, but it requires some caution to avoid evaporating the sulphuret 
of mercury with the sulphur. Sulphuret of antimony is of difficult oxidation, because it is 
extremely fusible. Bulphuret of arsenic is easily decomposed, but the result of the oxidation 
evaporates ; the arsenious as well as the sulphurous acid both evaporate. The sulphurets of nickel 
and of cobalt are easllv oxidized, and form pure oxides. Phosphorus and arsenic act in a similar 
manner as sulphur, and what applies to the latter applies to the former, with slight modifications. 
Phosphoric acid is more permanent than sulphurous acid, and silver cannot be entirely freed from 
arsenic if once combined with that substance. 

In quartz-crushing establishments generally, the assays of ores and tailings may be conveniently 
conducted in the furnace employed for retorting and melting, which is generally of sufficient size 
to admit of three or four fusions being carried on at the same time. In regular metallurgical 
laboratories, for the sake of durability, and to prevent the cracking of the brickwork, tiie outside 
of the melting furnace is usually secured by iron plates, as shown. Fig. 8085, which represents 
that employed by F. Glaudet, and in which A A' are the fire-places, 3 B' the fire-bars, and fr b* the 
ash-pits. The clampers C permit of regulating the draught, and the mouths of the Axnaces are 
closed by the hinged doors D I)', lined with baffle-plates. Instead of hinged doors, sliding plates 
are sometimes employed, and are, for general purposes, probably preferable. The dimensions of 
this furnace are, 10 in. square and 16 in. in depth above the fire-bars, which can, when necessary, 
be drawn out from the front for the purpose of allowing the coke to fall into the ash-pits 6 6', or for 
unolinkering the grate. When used with charcoal, the crucibles must be supported on the bars on 
pieces of firebrick ; but when coke is employed, it has in itself sufficient resistanoe to aUow of their 
being imbedded in the fuel without any other support. 

The whole of the work lead produced at Pontgibaud is purified before it can be treated by 
Pattinson*s process, and this is done by exposing it at a low red heat to pitftial oxidation in a 
reverberatory furnace spedally adapted for that purpose. The chief impurity contained in the lead 
is antimony ; the others are sulphur, iron, arsenic, and copper. All are in relatively small propor* 
tion, but are still in sufficient quantity to render the lead hard. The accompanying drawings, 
Figs. 8086 to 8088, show the arrangement and dimensions of the furnace employed. 

Fig. 3086 is an elevation ; Fig. 3087 a horizontal section at the level of the top of the pan ; and 
Fig. 8088 a vertical section through the tap-hole. The fire-place A is separated from the pan B 
by a bridge 3 ft. 8 in. wide, and the furnace is provided witii two doors 6, through which the dross 
may bo removed. In principle this resembles the ordinary softening fumaoe wiUi its cast-iron pan, 
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draught. It mnat he borne in mind tliat the greater the quantity of atmospherio air which oomes 
into contact with the heated ore the quicker the roasting process is performed. 

The arranorement consists in the use of a steam suction-pipe set, in the direction of the draught, 
into the flue between the cylinders and the condensing chambers ; said pipe being arranged in 
such a manner that the draught through the furnace is considerably increased, and all volatile 
matter condensed and collected at the bottom of the chambers provided for this purpose. 

This furnace can be used for roasting atly kind of refractory silver ore ; also for desulphurizing 
auriferous pyrites previous to chlorination or smelting ; for roasting ores of zinc, lead, copper, &c, ; 
also for burning cement, and for the manufacture of soda from cryolite. 

The Stetefctdt Furnace. — This invention is one of the most important steps of progress yet 
achieved in silver metallurgy; and its direct effects in stimulating the production of bullion, by 
reducing its cost, will be felt immediately. Already the mines of many a half-abandoned district 
are augmented in value and importance by the mere announcement of its success. 

The following description of the Stetefeldt furnace is from the notes of tho inventor himself^ 
and from the records of actual experience at Twin River, Reno, &o. 

Since the discovery and exploration of the numberless mineral deposits in the Western States 
and Territories, no branch in metallurgy has received so much attention as the process of roasting 
ores of all descriptions. One can hardly look over a file of mining journals, or newspapers from 
some mining district, without finding descriptions of new devices for roasting ores, all of which 
claim to surpass everything else in this lino which was known before. Tho devices are as strange 
as they are many, and mucli time and money have been wasted to test impracticable inventions. 
Indeed, the high expense which tho roasting in the old reverberatory furnace entails was a strong 
inducement to invent some cheaper, and at the same time more effective, method. This is especi- 
ally of importance where silver ores are found which require a chloridizing roasting preparatory to 
their amalgamation. In such cases the expense of roasting is frequently more than one-half of the 
total expense! of r^uction, and consequently low-g^rade ores cannot be worked with a profit. But 
i»in spite of the necessity to adopt some improved and more economical process of roasting, it has 
been extremely difficult to introduce two inventions, which are based upon the most simple and 
rational principles — so simple, indeed, that it seems imnossible to simplify them any more. We 
refer to the Gerstenhofer, or Terrace, furnace, first introduced about six vears ago at Freiberg, and 
tho Stetefeldt furnace, invented three years ago at Austin, Nevada, but first introduced for regular 
working at the mill of the Nevada Silver Mining Company, near Reno, Nevada. The nature of 
these inventions can be expressed as follows ; — 

Gerstenhofer discovered that sulphurets are completely roasted or oxidized if they fall against a 
current of hot air rising in a shaft which is filled with shelves, so as to check and retard the fall of 
the ore particles at certain intervals. 

Stetefeldt discovered that silver ores, no matter in what combination the silver occurs, mixed 
with salt are completely chloridized if thev fall against a current of hot air rising in a shaft with 
no obstructions whatever to check or retara the fall of the ore particles. 

It is a matter of course that in both cases a certain degree of fineness is required for the ore to 
be treated, and that a much coarser material can be successfully roasted in the Gerstenhofer 
furnace than in Stetefeldt's. 

In the Gerstenhofer furnace only such ores can be successfully treated which, at a red heat 
during roasting, have no tendency to sinter or stick together. But the small particles of a charge 
of ore mixed with salt are exactlv in such a condition while roasting as to have the greatest 
possible inclination to sinter and adhere to the shelves. They would thus soon obstruct the whole 
shaft, and prevent any further work. This has been demonstrated by actual experiments on a 
working scale. It is apparent, therefore, that tho application of tho Gerstenhofer furnace, even 
for desulphurizing purposes, is very limited, and that certain classes of ore must be entirely 
excluded from it. This is especially the case with galena ores, which are tho most expensive to 
roast in reverberatory furnaces. 

In Stetefeldt's opinion, the shelves in the Gerstenhofer furnace are perfectly superfluons, and all 
ores, even galena, can be desulphurized by dropping them through a plain shaft heated by fire- 
places below, if they are reduced to a sufficient degree of fineness. Tho escape of unroasted dust 
from the shaft is of no consequence, as a separate fire-place is constructed for the roasting of these 
suspended particles in tho Stetefeldt furnace. Furthermore, the feeding machinery of the Stetefeldt 
furnace is based upon a principle entirely differing from that used with the Gerstenhofer furnace. 

That a furnace without shelves is cheaper and easier to construct, more durable, less liable to 
get out of order, and that it roquires less laboiur and skill to run it, will be readily conceded. 

Much difficulty was experienced to provide suitable feeding machinery for the Stetefeldt furnace. 
Gerstenhofer^s apparatus, consisting of fluted rollers, which force the ore through slits in the top 
of the furnace, would not answer at all. The ore fell down in lumps, and arrived at the bottom of 
the shaft almost raw. The reason for this behaviour is simply the tendency of the particles of all 
finely-pulverized mineral substances to adhere to each other i^ a slightly-compressed mass of them 
falls through the air. It is, therefore, necessary to introduce the ore pulp so finely divided, that 
all the particles can be penetrated by the heat within the short time of their fall through theshafl. 
To feed the pulp with a blower, as in Keith's desulphurizing furnace, was not considered desirable 
for the following reasons ; — 

1. The fall of the ore would be accelerated. 

2. The draught of the fire-places would be impeded by tho downward current of the air from the 
l)lower. 

8. The formation of dust would be considerably increased. 

The feeding machinery in its present shape can be briefly described as follows ; — 
A hollow cast-iron frame, kept cool by a small stream of water, rests on top of the furnace. In 
this frame is inserted a cast-iron grate, which is covered by a punched screen of Russia iron, NaO^ 
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loasting farnaoe— thai is, that solphuxotiB acid is formed under inflnenoe of a dark red heatjliy aid 
of the oxygen of the air, while the metal, deprived of its snlphnr, beoomee an oxide. The oxygen 
of the air and of the oxide act on the sulphurous acid, converting it into sulphuric acid, which again 
combines with the metal oxide to a sulphate. The sulphate reacts now on the salt, setting the 
chlorine free, and the formation of chlorides be^ns. 

This leaction and transformation requires time, which is not offered in Stetefeldf s furnace, but 
the chlorination is effected nevertheless, and very perfectly, with less salt and in a few seconds. 
The chemical action in Stetefeldt's furnace is as follows ; — As soon as the ore enters the furnace 
each sulphuret particle ignites, being surrounded by a glowing atmosphere, evolving at the same 
time sulphur, which, in presence of atmospheric air entering undecomposed throng the grates, 
is converted into sulphurous acid, and the metal into an oxide. In contact with ore particles and 
oxygen the sulphurous acid becomes sulphuric acid. This acid does not combine with the metal 
oxide to a sulpnate, as is the case in a common furnace ; or if so, only to an insignificant deg]^ 
on account of ^e temperature, which, nearly from the start, is too high. The sulphuric acid, 
therefore, turns its force directly against the glowing salt partidee, setting free the chlorine. All 
these reactions are, so to say, in statu nascenti. From the burning fuel steam is present among the 
gases, giving rise to the formation of hydrochloric acid. This hydrochloric acid not only originates 
directly by decomposition of the salt, but also from the chlorides of the base metals, which are 
formed in the upper part of the furnace, and again decomposed to oxides and hydxt)chloric acid in 
passing through the not flame. The wnole space of the nxmaoe is then filled with glowing gases 
of chlorine, hydrochloric acid, sulphuric acio, sulphurous acid, oxygen, steam, and volatile base 
metal chlorides ; all of them acting on the sulphurets and oxides with great energy. The chlorine 
decomposes the sulphurets directly, forming chloride of metal and chloride of sulphur. It decom« 
poses and combines also with oxides and sulphates. The hydrochloric acid does the same. The 
sulphuric acid decomposes the salt and oxidizes the sulphurets, while the oxygen creates sulphurous 
ana sulphuric acid and oxides. The red-hot ore &lls down, and accumulating, continues evolving 
gases or chlorine, &o. 

Considering now a 3C96. S09Y. 

minute partide of ore 
(for only fu such, not as 
a mass, can the ore be 
considered in falling) in 
a red-hot state heixig 
attacked contemporane- 
ously by all those gases 
which have f^ee access 
from all sides ; the prin- 
ciple of the Stetefeldt 
furnace is, that the cUo- 
ridizine result must be 
effeotea before the par- 
ticle reaches the floor 
The dust which passes 
the flame of the small fire- 
place is even in a better 
condition for chlorina- 
tion, being surrounded 
and acted upon longer 
by all the chloridizine 
^gaea which are formea 
in the main shaft. 

Practical lUsults of the 
Stetefeldt Furnace in Chlo- 
rination. — A great num- 
ber of tests were made 
during the first weeks of 
running the furnace at 
Bono. Between 88 and 
9l2^ per cent, of the silver 
contained in the ore was 
found to be chloridized, 
all of which is easily ex- 
tracted in amalgama- 
tion. The roasted dust 
dischaived through the 
door N is gene^y 1 
per cent, better chlori- 
dized than the ore dis- 
charged from the main 
shaft. With an im- 
proved system of firing, 

the chlorination should never be less than 90, and we have no doubt that much higher figures 
will be obtained. Onlv very skilled roasters achieve such results in the leverberatory furnace. 
With ordinary care, a cha^e cannot be burned in the Stetefeldt ftimace, and the roasted pulp is 
m b splendid condition for barrel amalgamation, as it contains no lumps or sintered matter. Ores 
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of the moBt various chaiaotera have been roasted with equal success. Even ore containing nothing 
but silver-bearing galena was treated without any difSculty. In tliis respect the furnace is admir- 
ably adapted to rocut ores with large amounts of antimonial and lead-bearing minerals. 

Amount of Salt — In reverberatory furnaces 10 per cent, of salt is generally used. This amount 
may be safely reduced to 6 per cent, for very rich ores, and to 3 and 4 per cent, for low-grade 
ores, in the Stetefeldt furnace. No experiments have as yet been made to determine if this per- 
centage can be reduced still more. The difference in the percentage necessary is explained by 
the fact that in the Stetefeldt furnace all the salt is decomposed and utilized, while in the rever- 
beratory furnace a large percentage remains in lumps and entirely unchanged. 

FueL— The amount of fuel necessary to heat the shaft de^nds very much upon the character of 
the ore. The more sulphurets an ore contains the less fuel is required to roast it. The furnace in 
Reno uses on an average about two cords in twenty-four hours. With this amount between 12 and 
15 tons of ore are roasted daily, which is as much as the battery crushes. But the same fuel would 
just as well roast 20 tons of mainly sulphuret ores, which increase the heat in the shaft when intro- 
duced in larger quantities. How many bushels of charcoal a furnace with gas generators would 
require we are not able to estimate reliably at present ; but for most localities in Nevada charcoal 
will be as cheap if not cheaper than wood. 

Fig. 8098 is of a portable melting furnace ; Fig. 8099 is section of 3098, which shows the interior 
arrangement and the position of the crucible. 

This furnace, lately introduced by the Plumbago Crucible Company, Battersea Works, can be 
employed in a very coi^fined space ; no blower is necessary ; its heat may be increased to melt gold 
by merely lengthening the funnel. This furnace is of great use to the gold-beater, as it renders 
him independent of the gold-refiner. 

Figs. 3096 and 3097 are of a mufiSe furnace for assayers, dentists, and enamellers. 

See Anemom ETEB. Amim al-ghabcoal Machine. Asbatino. Blast Furnace. Boileb, p. 406. 
Chimney. Electbo-Metallubot, p. 1374. ForNDiNO and Cabtinq. Kiln. Ovens. See also 
articles on the various Metals. 

FUZE. Fb., Fus^e ; Geb., Zunder ; Ital., Fuao ; Span., Eapokta, 

A fuze or fuse is a tube filled with combustible matter, and used for discharging shells, in 
blasting, and so on. See BoBiNa and Blastino. 

Fuze-mahing Machine, BickforcTs, Figs. 3100 to 3105.— The fuze invented by Bickford for igniting 
gunpowder when used in the operation of blasting of rocks and in mining, which he called the 
miner's safety fuze, is manufactured by the aid of machinery, and of flax, hemp, or cotton, or any 
other suitable materials spun, twisted, and countered, and otherwise treated in the manner of 
twine-spinning and cord-making. Bickford, in describing his machinery, observes ; — ** I embrace 
in the centre of my fuze, in a continuous line throughout its whole lengthy a small portion or 
compressed cylinder, or rod of gunpowder, or other proper combustible matter pr^)ared in the usual 
pyrotechnical manner of firework for the discharging of ordnance, and which fuze so prepared I 
afterwards more effectually secure and defend by a covering of strong twine made of similar 
material, and wound thereon, at nearly right angles to the former twist, by the operation which I 
call countering, hereinafter described, and I then immerse them in a bath of heated varnish, and 
add to them afterwards a coat of whiting, bran, or other suitable powdery substance, to prevent 
them from sticking together,, or to the fingers of those who handle them ; and 1 thereby also defend 
them from wet or moisture, or other deterioration, and I cut off the same fuze in such lengths as 
occasion may require for use ; each of these lengths constituting, when so cut off, a fuze for blasting 
of rocks and mining, and I use them either under water or on land, tu quarries of stone and mines 
for detaching portions of rocks, or stone, or mine, as occasions require, in the manner long practised 
by and well known to miners and blasters of rock. In Fig. 31001 represent that part of the manu- 
facture of my fuze called twisting, the yam or other material being assumed to be already prepared 
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and spun loosely, and wound into balls in the way commonly used and well known to manu- 
facturers of twine and cord ; and I also therein represent the mode of oharging the fuze with the 
combustible. 
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*< At the left-hand end of an apartment, whieh is 65 ft long; is made an enolosed reoeas or doset 
of about 2 ft. square and 6 ft high, with^'door or doom in front ; in which closet^ at the height of 
about 4 ft. 10 in., U placed a wooden shelf, marked A, about 1. in. thick at least, extending the 
whole length and breadth of such closet In the centre of this shelf is made a hole, into which 
bole is inserted a collar, marked D. This collar is 
of metal, in form the frustum of a cone inverted. It 
is 3 in. long, 2 in. diameter at the upper end, and 
1} in. at the bottom; through the centre of this is 
a hole, f of an inch diameter at the top, and {^ of 
an inch diameter at the bottom. Around this, in 
a circle, are twelve holes, of about ^ of an inch 
diameter, whicii converge toward the centre hole 
at the-bottom, so as to be separated from it only 
by a fine edge of the metal. Fig. 3101. D is a ver- 
tical section of the collar, and r the top and S the 
bottom of it. This collar, when so pbiced in the 
hole of the shelf, projects both above and below 
the wooden shelf. In the upper projecting pert of 
the cone or collar is then to be placed a common 
funnel, 12 in. high and 10 in. in diameter at the 
top, as represented by the letter A ; around this 
funnel, at about 10 in. high fiom tlie before-men- 
tioned shelf, is placed a ring, made of cane, marked 
e e, and supported by a small frame- of two or 
more pillars, resting on the before-mentioned shelf. 
At about 2 ft 6 in. high from the floor of tins room, 
and passing through the said cloeet, and extend- 
ing the entire length of the said room 65 ft. long, 
is a stage or shelf or bench, marked F F ; the 
outside of this sta^e or shelf or bench has a ledge 
or raised edge rising 1 in. above its surface, 
and on a similar raised edge on the inside, rising 
1| in., is a line-rack marked G G, with teetli 
or cogs, twenty teeth to a foot This stage or 
shelf or bench is intended to support thereon a machine, being part of the apparatus thus used 
b^ me in my invention, called tiie monkey, marked H, which monkey consistB, first, of a plane 
piece of board, 20 in. long and 6 in. wicle, supported by and running upon three wheels of 1} in. 
diameter ; on this board, supported by, and turning in two centres, is a transverse axle, marked 2, 
placed quite acroes the plane bed of the monkey, supported bv brackets, marked 1, 1, and tuniing 
round in holes made in the brackets, on the inside end of which is fixed a wheel marked E, of 
10 in. diameter. Close to this wheel K, and directly over the line-rack, is placed on the said axle 
a pinion marked Z, which works on the cogs of the line-rack G G, on the side of which wheel K 
at its outer edge are twenty-four teetli or cogs ; these teeth or cogs work into corresponding teeth 
on the inner circle of the wheel J, the wheel J having two circles of teeth or cogs, the inner and 
smaller circle working, as already described, in those of the wheel E, and the outer circle of cogs 
working into the pinion L ; connected with this pinion L is the crook S, and to this crook the 
threads of twine or other material are attached for twisting. A string or cord M is fastened to the 
board of the monkey, and stretching along the stage or shelf or bench F F, passes over the pulley N, 
and returning through the holes 0, O, 0, made in the supports of the stage or shelf or Dench, is 
attached to the winding roller P ; in this situation of the apparatus twelve balls of twine marked B 
or other material intended to form the fuze are placed in the recess or closet on a floor raised there 
for that puipoee 6 in. higher than the floor of the room, and the running threads from these balls 
are each led perpendicularly up through holes of 1 in. diameter, made for that purpose in a circle 
of 12 in. diameter in the slielf in which the before-mentioned collar is placed, and alao perpen- 
dicular to and passed from the outside to the inside over the said cane ring next to the funnel 
hereinbefore mentioned, and from thence the said threads are again led down by the side of the 
funnel to and through the holes in the upper and under side of tlie aforesaid collar, which threads 
will then converge towards the lower point of the inner cone or collar, and there hang parallel and 
near to each other, and from thence they are to be led together to the puUev Q. Thence passing 
under the said pulley at a right angle they go to the monkey on the stage or shelf or bench, and are 
there made fast to the crook S. The winding roller P being now put in motion communicates that 
motion to the monkey H which travels on the stage or shelf or bench marked F F, towards N, and 
at the same time by the pinion marked Z working on the line-rack G G ; the cog-wheels before 
mentioned marked J and E work the pinion marked L, and turning thereby the crook 8, com- 
pletely twist the twelve threads marked £ so made fast thereto, and conUnue that twist up to the very 
point of the cone projecting downwaids from the collar under the fminel; at the very same time of 
putting the monkey in motion the funnel is charged with the gunpowder or other combustible 
matter fur making the fuze, and then it is important to carefully watch the progress of the threads, 
and prevent or rectify any entangling thereof; and also regulate the exit of the powder and pre- 
vent the dispersion of ony surplus that falls to waste through the point of the cone or collar under 
the funnel during the operation of twisting. In this operation of twisting the powder passing the 
funnel lodges in the centre of the twelve threads, and is simultaneouslv embraced by all the threads, 
and the twisted part thus containing the powder is by the monkey drawn down and passes under 
the pulley Q, and continues its course with the monkey twisting the fuze alone the stage or shelf 
or bench to the end of the room at N. Here the monkey stops, and this part of the fuz e so ohaige 
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and twisted is then cut off, and over a box marked T placed on the said staee or shelf or bench to 
receive any gunpowder or other combustible matter used therein that may fall from the ends when, 
so cut asunder ; the two ends thus separated are secured by a knot or tie made on each ; the part so 
twisted and separated is put aside for the subsequent operation of countering." By the monkey just 
described only one fuze could be spun at the same time, whereas it is desirable that several fuzes 
should be spun at once. By Bickford's improved machine. Figs. 3102 to 3105, three or more fuzes 
may be spun at the same time by one apparatus. The nature of this improvement, and the con- 
struction of the improved monkey for this purpose, will be seen by reference to the annexed figures. 
Fig. 3102 is a plane ; Fig. 3103, a vertical longitudinal section ; and Fig. 3104, a vertical transverse 
section of a monkey for spinning three fuzes at the same time. The wheel a works another of 
6(1 ual size and number of cogs 6, shown in dotted lines in Fig. 3102, and seen in section in Fig. 3103. 
This wheel 6 has a vertical spill or centre c, Fig. 3103, on the upper part of which is a crown- 
wheel d, Fi^s. 3102, 3103, with teeth on its under edge working the pinion K, Figs. 3102, 3103, 
having on the outer part of its centre the cog-wheel /, Fies. 3103, 8104, with eighteen teeth work- 
ing into the wheels g, h, t, Fig. 3104, of the same size and number of teeth; on the centres of the 
wheels g^ h, t, are the wires and crooks ^ /, m, Fig. 3102. To these orooks are attached the several 
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yams, which as the monkey travels along the bench are spun into fuzes. We prefer to have fifty- 
two teeth in the crown-wheel <f, eight teeth in the pinion e, twelve teeth in each of the wheels a 
and 6, and twenty-four teeth to a foot in the side raeic. In order to use this improved monkey it is 
tieceasary to increase the number of funnels for the gunpowder and collars, which may be arranged 
as shown in Figs. 3105, 3106. Fig. 3105 is a plan of these collars cast in one united piece of brass- 
work, k, /, m. being the three several collars, the whole being fixed to an upright frame by the 
screws I). E ; the centre holes n, o, p, being intended for the reception of the gunpowder funnels 
w, X, .V, Fig. 3106, and the several circles of holes q, r, a, being intended to receive the yams, which 
meet below and embrace the gunpowder as the fuze is spun. Fis. 3106 is a vertical view of this 
same part of the machine. A, /, m, are the three collars ; t^ u, r, are the yams passing iuto the several 
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circles of holes around the mouth of the funnel ; w, x^ y, are the three gunpowder funnels, and 
A, B, and 0, the three fuzes issuing from the interior tuhe beneath. By placing the wheel /, 
Fig. 3103, in such a position that a large number of wheels may work into its teeth, and making 
such other necessary additions and arrangements as will be obvious to any competent workman, 
four, five, or more fuzes may be spun at one single operation. 

Our second improvement in manufacturing fuzes relates to the mode of introducing the gun- 
powder according to the method described in the said specification ; the gunpowder is not supplied 
from ihe funnel with the rapidity, regularity, and certainty which may be attained by our improve- 
ment. We introduce into the centre of the fuze a small strong thread or yam, smaller and less 
fibrous than the yams employed for the fuze. The thread or yam which we employ is that known 
as No. 135 white-brown thread ; this we supply from a reel or other source conveniently placed 
above the funnel containing the gunpowder; this thread or vara is passed down through the gun- 
powder and spun into the centre of the fuze bv being attached to the monkey and drawn on with 
it as the fuze is spun. The position of these threads is shown by F, G, H, Fig. 3106. By means 
of this thread so drawn on as tlie fuze is spun the gunpowder in the lower part of the funnel is 
constantly kept in motion and travels on with the thr^ul, so as to flow regularly down into the 
fuze. By this means the continuity and regularity of the cvlinder of g^powder is ensured. 

Our third improvement relates to the coating or varnishing applied to those fuzes which are 
to be used for blasting in dry ground, and in close or confined situations, or which are subject to 
considerable variations in temperature. The coating or varnishing heretofore applied, consisting 
of tar or resin, bums with a great deal of smoke and heat, and is afiected by changes of tempera- 
ture. Instead of a coating or varnish of either of those materials, we take 4 lbs. of best glue and 
2 lbs. of yeUow soap, and having dissolved them in 12 eallons of water by a gentle heat, we add 
56 lbs. of whiting to give it a body ; the varnish so made is applied to the fuzes by any suitable 
arrangements. The new varnish, not being waterproof, must not be employed for fuzes which are 
to be immersed in water, but being less affected by temperature than tne old varnish, and being 
non-inflammable or buming with little smoke, is much preferable for general purposes. 

Our fourth and last improvement relates to fuzes which are to be employed under water. In 
the manufacture of fuzes to be employed under water, or waterproof fuzes as they are called, it has 
been usual to add a second countering, after which the fuze was coated or vamished a second time 
in the usual manner. But fuzes prepared in this manner occasionally failed, in consequence of the 
vamish becoming more hard and brittle on immersion in water and cracking, and thus admitting 
the water to the gunpowder. Our improvement for obviating this defect is as follows ; — ^After the fuze 
has been coated or vamished with tar or resin varnish, and before the coating is hard or quite set, 
the fuze is fastened to crooks and made to revolve as if for countering, and a stnp of brown paper 
is wound around the fuze in a spiral form, so as completely to envelop and cover the whole surface 
of the fuze. A thread is then wound round over the paper, which fixes the paper and prevents its 
shifting ; another coat of tar or resin vamish is then applied to the paper, and by this means the 
fuze may be completely waterproofed and protected against the action of the water. 
FUZEE. Fa., Fus^e.: Geb., Schneoie; Ital., Piramide ; Spak., Eueda espirai. 
See Escapement. 

GABION. Fr., Gabion; Oeb., ScAanzkorb; Ital., Oabbionef Span., Gavion, ceston. 
See Fortification. 

GAD. Fr., PoinUrolle^ AiguiUe du mineur; Gee., Setzeiset^ Stufeiaen; Ital., Zeppa; Span., 
CuHa de acero, 

A gad is a wedge of steel for driving into crevices or openings made by the pick or ohiseL 
GALVANISM. Fr., Galvanisme; Gee., GcUvanismus; Ital., Galvamsmo; Span., Gaivanismo. 
See Battery. Teleorapht. 

GALVANIZED IRON. Fr., Fer zingu^; Ger., GtdvanUirtes E%9en; Ital., Ferro zincato; 
Span., ffierro galvanizado. 
See Zinc. 

GAS. Fr., Gaz; Gee., Gas; Ital., Gas; Span., Gas, 

The common gas used for illuminating purposes is a mixture of carburetted hydrogen and 
olefiant gas, or bi-carburetted hvdrogen, which gives a brilliant light when burned. 

GAS, Manufacture of. Fsl, Fabrication du gaz; Ger., Ga^reitung; Ital., Fabbrioazione del 
gas ; Span., Fabricacion de gas. 

Fig. 3107 is a general plan of a gas-works by Geo. Bower, of St. Neots, Hunts. 1, is tho 
exhauster ; 2, the tar-pump ; 3, water-pump ; 4, boiler ; 5, fitters* shop ; 6, purifier house ; 7, lime- 
stores; 8, meter; 9, spent lime; 10, 11, and 12, stores; 13, scrabb^rs; 14, condenser; 15, weigh- 
bridge; 16, water-well ; 17, govemor. It is very complete, and with the aid of the details shown 
on a larger scale in the following figures will illustrate the most modem and approved practice. 

Figs. 3107 to 3113 represent sections and part elevations of the retort setting. The retorts are 
of 'firi^t/j, provided with cast-iron mouth-pieces, from which ascension pipes conduct the gas 
produced in the retorts to the hvdraulic mam shown in the general plan. Fig. 3107. The retorts 
are heated in beds of five each, by means of a small fumaoe. under the fire-bc^ of which is placed 
a cast-iron evaporating cistem or pan, into which the ashes from the fumaoe are sllowed to fall, and 
which evaporate either waste or ammoniacal li<^uor. The charge for each retort is about 1^ cwt. of 
coal, drawn at the end of each six hours, producmg at the heat of 27^, Wedgwood's pyrometer ^ about 
700 cub. ft, of gas, or 3500 cub. ft in the six hours, for each single bench of five retorts. The 
retorts are set in double benches end to end, and are charged from both sides of the house. A 
tramway is provided in front of the benches, connected with the coal-shed and the general system 
of rails on the works, so that the coal may be taken to, and the coke from the retorts with great 
facility. 

The hydraulic main consists of a horizontal pipe laid above tho retort benches supported on 
small pillars. Into the main the whole of the pipes from the retorts are made to dip. The main 
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Section on line A B. 
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paasing through the lime spread 
over the surfaoe of the sieTes, 
makes its exit through the 
comer pocket d. After pctssing 
the purifiers the gas has only 
to pass through the station 
meter before beiiig conducted 
to the gas-holder. The station 
meter is made to register the 
gas produced, and by working in 
connection with a clock, shows 
the relatiye quantities produced 
at each hour of the day. The 
gas-holders, Figs. 3131 to 3133^ 
are each 80 ft. diameter ; a diy 
well is made by the side of 
each, through which the inlet 
and outlet pipes are laid : each 
pipe is made to dip in a ooz at 
the bottom of the well, from 
which the water formed in the 
pipes is pumped out by means 
of a hand-pump.. The well c, 
Fiff. 3106, answers for the two 
holders, and the other well / is 
a reserve for the third holder 
when erected. A stop-valve is 
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Top Plan. 




Section through Tank, showing Yslve, Seat, 
and CHitlet. 



Vertical Section. 



Diaced to each of the inlet and outlet pipes. On the outlet pipe (17 on plan) is fixed the governor, 
tigs. 8134 to 3137, which governs the pressure at which tne gas is supplied to the town. It is 
of great importance to the engineer that the pressure of gas shomd be preserved constant at various 
points on tne works ; and that he may be enabled to ascertain the pressuro at any given point 
pressure gauges are placed in various situations : the most important gauges are those placea 
one before and one after the governor. The former shows the pressuro given by the gas-holder, 
and the latter the pressure at which the gas is delivered into tne town. Tliere is alw a ^uge 
placed at each of the condensers and scrubbers, one on the suction and one on the delivery side of 
the exhauster, and one near the purifiers. In the block of the office is provided a room for photo- 
metric observations. The general plan shows the arrangement of a works capable of supplying a 
town requiring about 10,000 lights burning for Hyb hours out of each twenty-four; or it would 
supply 2000 public lamps burning twelve hours, and 6000 private lijghts bumine four hours per 
twenty-four ; or equal to the wants of an English town of 50,000 or a Continentcl town of 100,000 
inhabiti^ts. 

Works relating to Gas:—T. 8. Peckston, * A Treatise on Gas Lighting;^ 8vo, 1841. S. Hughes, 
'A Treatise on Gas Works,' 12mo, cloth, 1866. W. B. Bowditch, 'The Analysis, Teohnical- 
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Manager's Handbook,' 8yo, 187a ' The Journal of Gas Lighting/ small foHo, 1849 to 1870. 
* AnnuBil Beports of the Trustees oif the Philadelphja Oas Works,' 8vo, yarious yean. * Beports of 
the Proceedings of the British Association of Gas Engineers,' 8yo, yarious years. 

GAS-HOLDEB. Fb., Gazomitre; Gbb., Gaaonngter; Ital., Qasometro; Span., Oat&metro. 

See Gab. 

GAS-METEB. Fb., Ckmpteur au gaz; Geb., Oasmetter; Ital., Miwratort del gas; Spav., 
Contadow de gas. 

SeeMETBB. 

GASOMETEB. Fb., Gazomeire; Geb., Gasometer; Ital., Gaaometro; Span., Gas6metro, 

See Gas. 

GATES. Fb., Porte; Geb., l^or; Ital., Porte; Bpak., Puertas. 

See Docks. Locks and Lock-oates. 

GAUGE. Fb., Tauge, JBchantillon ; Geb., Urmass, Aichmass. 

A gauge is a measure; a standard of measure; an instrument to determine dimensions or 
capacity ; a standard of any kind. In mechanics and manufactures ; — any instrument for ascertain- 
ing or regulating the dimensions or forms of particular things, as a huttonHmaker'e gauge, a gun- 
smith's gauge, or a template. The distance between the rails of a railway. When the railway- 
gauge is 4 ft. 8i in., it is called narrow gauge ; wide or broad gauge in England is 7 ft., in the 
United States 6 ft. There are also other intermediate gauges. In plastering, the greater or less 
of plaster of Paris used with common plaster to accelerate its setting ; or the composition made of 

{>laster of Paris and other materials used in finishing plastered ceilings for mouldings, and the 
ike. The gauge of a carriage is the distance between the opposite wheels when on the track. 
Joiner's gauge, an instrument used to strike a line parallel to the edge of a board, Ac. Printer's 
gauge, an instrument to regulate the margin of the page. Raif^auge, an instrument for measuring 
the quantity of rain at any giyen place. Salt-gauge, or salinometer, 
a contrivance for indicating tne degree of saltness of water from its 
specific grayity, as in the boilers of ocean steamers. Standard gauges, 
templat^^ and patterns of certain parts, and tools common to all 
macnine work. SUam-gauge, an instrument for measuring the pres- 
sure of steam in a boiler. Tide^auge, an instrument for determming 
the height of the tides. Vacuumrgauge, a species of barometer for 
determining the relatiye elasticities of the yapour in the condenser of 
a steam-engine and the air, or for indicating the difference between 
the yaouum of a condenser and a perfect yacuum. Water-gauge, a 
oontriyanoe for indicating the depth of water as in a steam-boiler, 
as by a gauge-glass or cock. The term voater^gauge is also applied to 
the height of water in a boiler, as three gauges of water, that is water 
up to tne third cock. See AnemoiIbteb. Details or Engines. 

DrNAMOMBTEB. FaN. MkTEBS. YAOUUX-aAUOE. 

Birmingham Wire Gauge, Fig. 3138. 
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The gauge, Fig. 3139, mAnnfactnred by Elliott Bros., London, is one of the standard Goven»- 
ment gauges employed in the Royal Gun Factories. These gauges measure from 36 to 40 in. out- 
side, and 64 in. inside ; they read by vernier to '001 of an inch. Some of these gauges are from 4 to 
5 ft. in length. The one shown in Figs. 3139, 3140 

will measure from to 12 in. Nayloi^a gauge tat iron is 3139. 

the one chiefly used by the manufacturers of England, . 
and is similar to the one represented in Figs. 3139, 
3140 ; Kaylor's gauge by Temier reads to the -^^ 
part of an inch. The micrometer gauge. Fig. 3141, is 
used to measure wire, sheet metal, and other sub- 
stances to the '001 of an inch. It is the most com- 
plete little instrument of the sort Tet introduced. 
In using this instrument it should be manipulated 
with great delicacy, as undue pressure would destroy 
its accuracy. A gauge of this kind, made by Elliott 
Bros., for the Boyal Mint, reads to the '0001 of an 
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inch. There are other peculiar contrivances termed gauges, such as the standard for measur* 
ing the height of recruits ; the instrument employed to measure buckles and indents in targets ; 
standard yarids and rods ; and the stadiometer used in the army, which require no particular 
description. 

GAUGE, Steam. Fr., Manometre; Gbr., Manometer; Ital., Manometro ; Stait^ Mawfmetro. 

Bee Details or Engines. Gauge. Yacuuh-gauge. 

GEABING. Fb., Engrenage, Communication de mouvement ; Gbr., Verzahnung^ Verbindungstheil, 
Oeschier ; Ital., Suote dentate ; Span., Aparato de trasmision de movimiento. 

Nomenclature of the Curves used for the Form of the Teeth of Wheels. — The form to be given to the 
teeth of wheels is an essential point in their construction, for on it depends, in a great measure,* 
.the regularity of the motion ana the wear of the wheels. Originally the cylindrical form was con- 
sidered the most advantageous, and was exclusively employed. Numerous experiments have 
shown, however, that the best forms are those of certain curves, which give a result rigorously 
exact from a theoretical point of view, and very advantageous in practice. These curves, employed 
according to the nature of the transmission of the motion, are the following ; — The common cycloid, 
the elongated cycloid, the common epicycloid, the elongated epicycloid, the contracted epicycloid. 
or common hypocycloid, the elongated hypocyoloid, the involute of a circle, and the elongated 
involute of a circle. 

The Common Cycloid. — ^This curve is generated by the point a in the plane of the circle o which, 
while turning about its own axis, rolls upon the straight line xy. This point a and the circle o are 
caHed the generators of the curve, the line xy being usually called the directrix. The curve is 
complete when, after a complete revolution of the generating circle, the point a again touches the 
directrix. Fig. 3142. 

Construction. — The generating circle o being given, and the line xy upon which it is to rolL 
divide, beginning at the point o, the circumference of the circle into a sufficient number of equal 
parte a 1, a 2, a 8 ... to allow of each of them being considered as a straight line; and mark on the 
line X y the same number of parte a 6, 6 o, c (f . . . equal to the divisions on the circumference. 
With the radius oa describe circles to the directrix in the pointo 6, c, cf . . . ; their intersection 
with the parallel lines drawn through the points 1, 2, 3 . . . gives pointe in the cycloid. It only 
remains to join them by a continuous curve. It will be noticed that the centres of all the ciroum- 
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ferenoes must be on a line parallel with the directrix, and drawn thiongh the point o, and upon the 
perpendiculars raised from, the points 6, c, tf . . . 



8141. 
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When the generating circle is tangent in h the half of its circumference will be developed upon 
xy^ and consequently we have obtained the half of the curve sought. The other half may be 
easily determined by taking n 5", pi" . , . equal to n 5', p 4' . . . As only a very small portion of 
the cycloid is ever used, it will be sufficient for purposes of gearing to determine a single element. 

The Elongated Cycloid, — This curve is generated by a point a in the circle A' concentric with a 
circle A, which rolls upon a straight line xy, called the directrix. Fig. 3143. The point a and the 
circle A' are called the generators of the curv& The generating circle being invariablv connected 
with the circle A, and dragged along with it in the motion of rotation, the latter might be called 
the conducting circle. 

814& 



••» 




Corutructioik'-^The generating point being at starting on the perpendicular line drawn on the 
directrix through its point of contact with the circle A. divide the circumference of this circle into 
a sufficient number of equal parts to fldlow of each of them being considered as a straight line. 
Mark upon the line a? y, beginning at the point a\ the lengths ab\ b'c\ o'c^ . , , equal to one of 
the divisions on the circumference. This done, with the radius of the generating circle, describe 
circumferences tangent to or' y' in the points 6, c, tf . . . B^ producing the radii Am,An,Ao, Ap 
... we get upon the circumference A' the points of division 1, 2, 8 ... ; through these points 
draw lines parallel with the directrix, their intersection with the corresponding circumferences 
already described gives points in the curve. 

When the half of the circumference A is developed upon the line xy, the generating point has 
described the half of the elongated cycloid ; the other may be found by analogous construction, or, 
since it is symmetric with the first with respect to the perpendicular K A, a certain number of points 
may be determined by the method already .explained for the common cycloid. 

ITie Epicycloid, — This curve is generated by the point a in the curcumference of a circle A, 
Fig. 8144, which revolves along the circumference of a circle B, called the directing circle. The 
point a and the circle A are cs^ed the generators of the curve. 

Conttructicn, — If we suppose the diameter of the generating circle equal to the half of that of 
the directing circle, it is evident that, in this esse only, the point a will have described the complete 
epicycloid wnen the circle A has arrived at that position upon the diameter a a" which is opposite 
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that from which it started, that is, when it is tangent in a". The oonstruotion given for this 
particuUur ease is the same in all the others, and gives consequently an analogous curve. 



aiu. 




Divide now, oeginnmg at the pomt a, the oiroumferenoe A into a considerable number of equal 
parts, each of tiiem having to be considered as a straight line. In the same way, beginning at the 
point a, mark upon the oiroumferenoe B divisions equal to the preceding, these having to represent 
the development. With the radius of the generating circle describe a series of arcs taneent to the 
directing circle in the points a,b^c,d , , , ; then from the centre B with the radii B 1, B 2, B 3 . . . , 
describe circumferences. Their intersection with the corresponding arcs, tangent to the circle B, 

E' ves points in the curve. One of these points, m for example, is a position of the point a, for the 
tter must belong to the circumference tengent in c. Also when the point a has arrived at c, the 
generating point will evidentlv be upon the circumference passing through the point 8 ; it must, 
therefore, be at m, the point of intersection of the two circumferences. 

The half of the curve will be described when the generating circle is tangent to the circle B at 
the end of the radius perpendicular to the diameter a a". The other half of the epicycloid may be 
obtained by placing, by means of parallels with a a'\ a suiflcient number of the points of the pre- 
ceding half, m a symmetrical position with respect to B a*. 

The Etonqaied Epicydoid.—^thSB curve is described by a point a in the plane of a circle A', con- 
centric and mvariably connected with a second circle A, which revolves along the circumference of 
a third circle B, called tiie directing ciidei The point a and the circle A are the generators of the 
elongated epicycloid, Fig. 8145. 

UHu^nic^ton.— Having taken the diameter of the circle A equal to the radius of the directing 
circle B, the circumference of the former will be completely developed upon that df the latter when 
it occupies the position opposite the extremity of the duimeter aa'\ and the point a will have 
described the whole curve when it is again in contact with the circumference B . Now, to obtain 
points in the curve, divide the circumference A into a su£Bcient number of equal parts 0, 1. 1, 2. 2, 3 

draw 

^ the 

generating circle describe circumferences tangent in these pointsl 

Having produced the radii at the points of division 1, 2, 8 ... , and obtained upon the gene- 
rating circle the corresponding points 6, c, d . . . , from the centre B with the radii B6, Be, B (2 . . . , 
descnbe circumferences the intersection of which with the arcs already drawn gives points in the 
elongated epicycloid. 

The point a will have described the half of the elongated epicycloid, when the diameter a* h' of 
the generating cirde coincides with the radius B A' produced^ perpendicular to a a". The other 
half of the curve may be obtained by an analogous construction, or oy placing the points obtained 
in a position symmetrical with respect to a' B'. To fiMsilitate the construction, we mark equal parts 
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npon the eircmnferenoe A, but it may be remarked that these parts may be imeqTial, provided they 
be transferred aocnrately to the directing ciroomfezenoe. 
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Common Eypocyckid, — This curve is described by the point a in the plane of a circle A which 
revolves about its own axis along the concave side of a circumference B. The circle B is called the 
directing drole, the oirde A and the point a are the generators of the curve. Fig. SI46. 




Ckmstrwikn, — The line of the centres B A determines by its intersection with the circum- 
ference B, the generating point a. Beginning at this point, divide the circumference A into a 
great number of small parts a 6. 6 c, ccf . . . , which may be considered as stmight lines. Beginning 
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at the same pomt a, mark an equal ntunber of these parts upon the oiicnmferenoe B. With the 
xadiuB of the generating circle describe a series of arcs tangent in the points 6', c*, d' . . . , and from 
the centre B^ with the radii B 6, Be, Btf . . . , describe arcs the intersection of which with the 
former gives points in the hypooycloid. The centre of the cirde A describes during its revolution 
a portion of a circle A A' A , concentric with the circle B ; this is the common locus of the centres 
of all the arcs tangent in the points 6', o\cr .,, If we wish for greater exactness than that which 



rery 

oiKde, that is, when the elements, however small they may be, form a decided curve! 

Elongated BypocycMd,— This curve is generated by the point a in the plane of a circle A' inva- 
riably connected with a circle A, which revolves about its own centre along tiie inner side of a 
third circle B, called the directing circle^ Fig. 8147. 




Conrtruotion, — ^The line of the centres AB deteimines by its intersection with the circum- 
ference B' the first position of the generating point a. Beginning at the intersection o of this line 
of the centres with the circumference B, divide the circumference A into a sufficient number of 
equal parts 0. 1, 1. 2, 2. 8 ... , each of them having to be considered as a straight line. Mark, in 
the same way, beginning at 0, upon the circumference B, an equal number of divisions 0. 1', 1'. 2\ 
2'. 8' . . . representing the development of the preceding. The radii being now produced from the 
points of division 1', 2', 8' ... , give upon the droumference B' the corresponding points 6', c', (f . . . ; 
with the radius of the generating drde, describe arcs tangent in these points. 

Having produced the radU A 1, A 2, A 3 ... , and obtained upon the droumference A' the points 
of division o, c, cf . . . , from the centre B with the radii B6, Be, Bd .... describe a series of arcs 
the intersection of which witii the preceding gives points in the elongated hvpocydoid. 

When the point c arrives at tiie position c'. the generating point a will oe at a', and will have 
described the naif of the curve sought. The other half may be obtained by an analogous construc- 
tion, or by transferring a suffident number of tlie points of the former to a symmetrical position 
with respect to B A'. 

Another Elongated ffypoevcloid, — Let there be two drdes, A and A', invariably connected 
together and forced to turn about their common centre A". If in this revolution the cirde A is 
made to follow the contour of a third drole B', called the directing cirole, the point a of the cirde A 
will describe an dongated hypocydoid, Fig. 8148. 




Hark an equal number of these divisions upon the droumference A, and draw the radii from the 
points 1', 2*, 8', 4 . . . It will be seen that the centre A" of the generating cirole describes in its 
revolution a cirole B concentric with B'. Producing the radii from the points of division 1, 2, 8, 4 . . 




the curve sought. 

One of these points, m for example, must occupy one of the positions of the point a, for the latter. 
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xemainiDg opon the generating cirele A', most belong to the arc described from the point c* with 
a A" as a radius ; it must also m upon the circumference described from the point B' with B"p aa 
a radius; it can, therefore, be only at their point of intersection. 




Involtae of a Circfo.-^This curve is generated by the end of a tangent to the circle made to 
touch the circumference in all its points successively. 

Let Aj Fig. 8149, be the raoiuB of the given circle, and o the first point of contact of the 
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tangentB. Beginning at this point, mark on the circumfexenoe a snffident nnmher of eqnal parts 
0. 1, 1. 2, 2. S, 3. 4 . . . , to allow of each being considered as a straight line. Draw the tangents 
from the points of division, and, npon the flzst, mark one of the elements or diyisions of the oircnm- 
ferenoe, npon the second two of these elements, npoii the third, three, Ac. Join by a regular eoire 
the points 1', 2', 8', 4' ... , thus obtained. 

Elongated Involute of a Circle,— -U at each of the points 1', 2', S*, 4' . . . , Fig. 8149, we draw per- 
pendiculars to the tangents, and mark off on each of them a constant length, eqnal to o m, for 
example, the points obtained, 6, c, d; / . . . belong to an elongated inyolnte of a circle. 

Bemark, — ^The common involute may be wholly traced by the compasses, for any element ?', 10' 
has its centre at the point of intersection p of the tangents q. g', and 10, 10'. The other curves, the 
means of drawing which we have already given, may be ootained by means of a little piece of 
wood, the arrangement of which for each case may be easily imagined. 

DimensionB of the parts of Gearxng considered both in Detail and as a Whole. — Object of Gearing, its 
Advantages, — A toothed wheel is a circle or disc furnished alone its contour with projecting pieces 
called teeth, designed to transmit to another toothed wheel a aeterminate force, tne direction and 
velocity of which are known. 

Gearing is used; — 

1. To transmit the continuous circular motion of a shaft to another shaft fixed at a short 
distance from it. VThen the shafts are parallel the gearing is called sfraight or spur-gearing. If 
the shafts make an angle with each otner, the motion is transmitted from one to me other by 
means of conical or bevel-gear. 

2. To transform the continuous circular motion of a shaft into a rectilineal motion of a plane- 
toothed surface. 

3. To transform the continuous circular motion of a shaft into another circular motion of an 
endless screw, and vtce versd. In all cases the axis of the toothed wheel and that of the endless 
screw are placed in two perpendicular planes, and not in the same plane as in the case of conical 
gear. 

4. The ascending motion of mill-hammers and other similar contrivances is obtained by the 
transformation of the continuous circular motion of a shaft by means of cams. The use and con- 
struction of these cams rest upon principles similar to those which have led to the application and 
to the improvement of gear. 

The first attempts to transmit the motion of one shaft to another was by means of friction. This 
friction was produced upon cylinders o> drums fixed upon the shafts. The rapid wear of the 
drums required them to oe frequently changed, or the shafts to be brought nearer together. These 
grave defects, and the difficulty of removing tnem, led to the adoption of teeth, which have lately 
undergone great improvement. If these teeth are carefully constructed, we may obtain very 
exactly relations of speed determined beforehand, a gentle and uniform motion, and a sufficient 
duration of material. The use of gearing enables us to make a large rumber of transmissions in a 
small space ; ite application is especially remarkable in watch and clock work, where it is carried 
to a high degree oi perfection. 

Relation of Velocity to be obtained,— Prtmitive Circles, or Pitch-Lines. — ^When a rotary motion is 
transmitted m>m one shaft to another, the object always is to obtain a certain determinate velocity. 
This velocity results from two conditions, which are mutually dependent ; 1, the primitive diiuneter 
of the wheels ; 2, the respective number of the teeth of each of tnem. 

By primitive or pitch-circles we mean those which are tangent to each other at the point a, 
Fig. 3150, where the contact of the two teeth which act normally, one as the power, the other as 
the resistance, takes pliace, that is, where the principal force is exerted The relation between the 
radii oa^o'a of the primitive circles must always be the same as that of the velocities ; thus if it 
be required to make one of the wheels revolve three times while the other revolves only once, the 
latter must have a radius equal to three times the radius of the former. 

To calculate the primitive diameters we must know ; — 

1. The distance of the shafts measured from axis to axis ; 

2. The relation between the velocity of the wheel and the velocity which the pinion is to have. 
The radii of the wheels must be in inverse proportion with the velocities. Inaeed the circum- 
ferences are to each other as the radii ; and as the numbers of teeth depend on the ciroumferenceL 
these numbers are also in the same proportion as the velocities. Again, as each tooth of the wheel 
propels forward one of the pinions, it is evident that the number of revolutions will be inversely as 
the radii. 

Let n be the number of revolutions of the wheel and r its radius, r* the radius of the pinion and 
n' the number of revolutions it is to make a minute. 
According to what we have said above, we have 

n:fi'::r':r. [i] 

Let us suppose that n = 14, n' = 42, and the distanoe of the centres = l"-80 sr'-^r. 
Proportion [l] may be put under the form 

» + »': n':: r* + r : r, 
or * 56:42:: i» 30 : r, 

im»80 x42 ft- 0-. 
whence r = gg = 0» 975, 

and r = 1"*30 - 0*975 = 0825. 

In some cases, the velocity to be obtained differs greatly from that which we have at our 
disposal : if we employed only two wheels, we should have to reduce the dimensions of the pinion 
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too much, and sometimes to increase beyond measure those of the wheel. In snch cases, we 
interpose between the two shafts a series of wheels and pinions, the combination of which gives the 
result desired. But this means should be employed only in case of absolute necessity, for we must 
not forget that these mediums absorb a considerable quantity of the motive force. 
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Let us suppose that the shaft B is to make sixty-four revolutions while the shaft A makes one. If, 
for the sake of simplicity in execution, we make all the wheels of the same diameter, and the pinions 
also e^ual to each other, we extract a root of the number of revolutions required ; the index of this 
root will represent the number of couples to be employed, and the root itself will denote the 
constant proportion between the nrimitive diameter of the wheels and those of the pinions. Thus 
if the square root of 64, which indicates the employment of two couples and gives as the inroportion 
of the radii 8 : 1 does not appear applicable to the case required, we may tfdce the numbers given 
by the cube root, that is, three couples in the proportion of 4 : 1. 

When particular arrangements oblige us to employ different proportions for the couples of gear- 
ing, we resolve the number of revolutions to be obtained into several factors, choosing those which 
are the most convenient. Thus for the case we have alluded to above, three couples m the propor- 
tions of 2, 4, and 8 would give the velocity required. 

IHmensions afid Form of the Teeth, — ^In constructing the teeth we must have in view ; — 1, the 
thickness of the tooth ; 2. the roace between the teeth ; S, the distance of the teeth ; 4, the number 
of the teeth ; 5, the deptn of the face ; 6, the deptii of the dioulder ; 7, the form of the teeth ; 8, 
the total depth. 

1. ITiickness of the Teeth, — The thickness of the teeth depends entirely upon the force they have 
to bear and the nature of the material of which they are mi^e. The force should always be taken 
for the case in which the wheels would have to transmit the maximum power of the motive engine. 
In calculating the thickness of the teeth the results of experience must dc referred to, and we must 
suppose the case of only one tooth in contact, that is, supporting alone the whole force. 

Example, — A pinion makes six revolutions while the wheel which drives it makes one : the 
distance of the centres is 2"^ 80; the work effected is 940 kilogrammMres, and the wheel has 
a velocitv of five revolutions a minute. Determining the radius of the wheel in the way we have 
described, we find it to be e^ual to 1«*917. 

The velocity at the prinutive circumference or pitch-line will therefore be 



1-917 X 2 X 314 X 5 
60 



= l»-003. 



The force is found by dividing the work to be transmitted by the velocity 



940 



j7^ = 937 kilogrammetres. 
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Now, to find the thickness of the tooth, we multiply the sqnare root of 937 by a ooeffioieni 
determined by experience. 

For cast iron 0*105 

For bronze O'lSl 

For hard wood 0*145 

Thns the teeth being of cast iron, their thickness will be 0* 105 x V937 = 0'>>'032. 

2. Space between the Teeth, — If the teeth were made with mathematical precision, the space between 
two of them measured upon the pitch-line might be made equal to the thickness. When the teeth 
are filed the space is taken equal to the thickness plus ^. This fifteenth is intended to correct 
the defects resulting from the imperfection of the work. When the teeth are unsmoothed or of 
different materials, the space is made equal to the thickness plus -j^^. 

3. Distance of the Teeth, — The arc of the primitive or pitch-circle comprising a space and a tooth, 
that is, the distance from the outside edge of one tooth to the outside edge of the next, constitutes 
what is called the distance of the teeth. 

It is evident that this distance must be the same upon the wheel and upon the pinions, and that 
it must be taken an exact number of times upon each of the two circumferences. 

4. To Calculate the Number of the Teeth.— -Jjei m' be the number of the teeth on the wheel ; m the 
number on the pinion ; a the distance of the teeth, and r the radius of the wheel. We will continue 
to operate with the values given in the preceding example. The number of teeth is evidently 
equal to the pitch-line divided by the distance of tae teeth. Therefore 

2irr 

fn= ; 

a 

but a = 0—032 -|- (0032 + 0003) = O^'OOT, 

and r ^ 1»-917; 

*u r C-28X 1-917 ^^ 

therefore m = ;;-rr= = 180. 

0067 

This number is exactly divisible by the ratio 6 of the radius of the wheel and that of the pinioDy 
which is a necessary condition, since the numbers of the teeth must be to each other as the 
primitive or pitch-circles, and consequently as their radii. Besides this, symmetry and readiness 
in putting together require, if the wheels are in several pieces, that the number of teeth be exactly 
divisible by the number of the arms of the wheel. In the present case, supposing six arms, the number 
180 would fulfil the second condition also. In the contrary case, we take the number next smaller 
than that given bv calculation, which is at once divisible by the number of arms and the ratio 
between the radius of the wheel and that of the pinion. This modification can never be attended 
with any objectionable result, since the teeth are taken a little stouter than the preceding operation 
indicates. 

5. 6, and 7. Shoulder and Face of the Teeth ; Form of the Profile, — The part df of the profile 
included between the primitive circumference and the base of the tooth, is called the shoulder ; it 
is always formed by the radius from the point /, Fig. 3150. The part fg of the same profile stand- 
ing beyond the primitive circle is called the face of the tooth. 

The depth of the shoulder depends on that of the face, and this latter is determined by con- 
siderations which we shall come to presently. 

In the motion of two wheels, the shoulder alone of a tooth comes into contact with the faces 
of the teeth of the other wheel. If the gear turned always in the same direction, in other words, if 
the same wheel always drove, this one alone would require for the faces of its teeth the particular 
forms adopted in their construction. But in almost all cases the wheels drive and are driven 
alternately ; thence arises the necessity of providing each of them with a face. 

8. Limit to the Teeth. — The limit to the depth of the teeth results from important considerations^ 
which we will now proceed to consider merely from a practical point of view. 

The teeth must oe lone enough to allow two couples at least to be in contact at the same time, 
for if the force be exerted upon only one tooth of each wheel, the whole work of a mill or of a 
machine will be subordinated to the rupture of this tooth. If, on the other hand, too largo a 
number of teeth be in contact at one time, we shall find that their contact is one in appearance 
rather than in reality, for it is almost impossible to execute the work with such precision that idl 
the teeth shall act simultaneously. Thus care must be had to have two teeth always ready to 
come into contact when two othen are on the point of quittiog each other. This result is obtained 
by limiting the teeth, the length of which depends upon what is sometimes called the driving arc 
By driving aro is meant that aro in which a tooth moves while it is engaged in driving the one 
a^nst which it presses. Thus in Fig. 3150 this aro would be the aro man described upon the 

S itch-line by the point n from the moment when one tooth begins to press upon its neighbour till 
iie moment when it ceases to act. In practice, and for gearing of ordinary dimensions, this aro 
may be taken eciual to the distance of the teeth, on each side of the line of the centres. 

Thus to limit the teeth of the wheel, take upon the pitch-line of the pinion the aro a m eoual to 
the distance of the teeth, and draw the radius o'm, cutting in m' the ciroumference described upon 
o'a as a diameter. The ciroumference described from the centre o with o' m as a radius will limit 
all the teeth of tiie wheel. This ciroumference and that which determines the extremity of the 
teeth of the pinion meet the line of the centres in the points gp ; beginning at these points, mark 
upon the line of the centres towards o' and o, the lengths q r and />«, equal to about I of the depth 
of the fSeuie for large gear, and ^ for small gear. Then from the points o and o' with oa and o' r as 
zadii, describe cirouoiferenoes forming the bottom of the spaces between the teeth, and determining 
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in profile the base of the teeth. To avoid a re-entering angle, that wliich is formed by the bottom 
of the space and the side of the tooth is slightly rounded. 

This method of limiting the teeth is quite practical, and may be modified to suit the oases of the 
epicycloid and the involute. 

kemark, — It may happen that we are obliged to employ a pinion of a very small diameter to 
transmit a great force, or a wheel of a very laree diameter for work of inconsiderable importance. 
In the former case, if the driving arc were eqniu to the distance of the teeth on each side of the line 
of the centres, the teeth would be very long, and would, consequently, become too thin at their 
extremities. We must, therefore, take the arcs described during oontaot equal to } or f or even.} 
if necessary. In the case in which the wheels are large to transmit a small force, we should obtain 
by the foregoing method, teeth much too short ; we must therefore take the aro of contact equal 
1} the distsmce of the teeth. It is advisable, however, if the size of the teeth be increased, not to 
give it more than 1"*'5 of the breadth taken upon the pitch-oircle. 

If the dimensions of a pinion are such that the number of teeth would be less than fifteen, it is 
preferable to employ several couples. The endless screw may be substituted for the pinion when 
the wheel is to be driven by it, especially if the force to be tnmsmitted is great and the velocity to 
be obtained rather low. 

It frequently happens that a wheel with wooden teeth works into a pinion wholly of metal. In 
this case the wooden teeth -are evidently stouter than the iron teeth, since their thickness 6 is given 

by the formula ft = ' 143 VP^ whilst that of the teeth of the pinion is expressed by 6 = ' 105 /JW, 
P representing the force to be transmitted. It follows from this that the spaces on the pinion are 
greater than those on the wheel to give passage to the cogs. Nevertheless, tne distance of the teeth 
must remain the same in both wheels. 

Breadth of the Teeth ; particular arrangementa. — ^The length of the teeth in the direction of the 
axis is commonly equal to four, five, or six times the thinln^ftaa upon the pitch-line, according as 
the velocity is to be smaU, greater than t"^'75 a second, or the gear oonsteintly wet. It does not 
interfere in any way with the wear of the gear or the regularit v of the motion, to increase the 
breadth of the teeth, or at least to increase it in small degree above that indicated. Generally 
when this breadth exceeds certain limits, in large wheels with wooden teeth, the teeth are 
separated into two equal parts in the direction of the breadth of the circumference of the wheel^and 
these parts are so arranged that one is opposite the space between it and two others. In this way 
we have upon the same wheel two sets of gear quite distinct though perfectly similar and acting 
together. B v this means we get between the mortises into which the teeth are fixed, a solid sjpace in 
the middle oi the rim of the wheel, which adds to its strength. When a wheel so constructed works 
into an iron pinion, the model of the latter is made so as to have its teeth placed inversely as those 
of the wheel. 

Gear intended to transmit to four pumps the work of an engine of 60 horse-power is arranged 
in the manner described above, and each part has a breadth equal to four times its thickness upon 
the pitch-line ; this gives eight times the thickness for the total breadth, supposing the teeth not 
crossed, but made of a single piece or placed end to end. 

The parts of the teeth that enter the mortise are a little smaller than the teeth themselves 
measured at the base, so that the shoulder resulting from this difference rests upon the periphery 
of the wheel. The ends of the teeth project on the inner side by a quantity equal to the depth at 
the crown measured in the direction of the radius. There result from this, spaces having the form 
of equal trapeziums, into which are placed, in the manner of dove-tailing, pieces of wood that are 
afterwards fixed to the teeth by means of screws. 

Dimensions of the Periphery, and Number of Arms of Toothed Wheels, — Instead of being placed upon 
the periphery of a solid disc, the gear forms part of an iron rim a' 6, Fig. 3150, connected with the 
axle by a certain number of arms. The breadth of this rim is equal to the breadth of the teeth 
when the whole is of metal. When the teeth are of wood the rim is made broader by a (quantity 
equal to twice their thickness, in order that it may not be too much weakened by the mortises ; its 
thickness should be at least equal to that of the tooth. In gearing which is exposed to violent 
vibration, these dimensions miist be increased ; experience and the quality of the metal must in 
such cases determine the degree. 

Whatever be the section of the rim, it is provided on the inside and in the middle of its breadth 
with a moulding or rib 6 c, the two dimensions of which, projection and thic^ess, are equal to the 
thickness of the rim itself. By proceeding in the above manner for wheels of a large diameter 
intended to transmit a small force, we shoiSd cbtain too thin a crown, and liable to twist out of 
shape while cooling after casting. To avoid this defect it must be made a little stouter, and if 
necessary the number of the arms increased. 

The number of arms to be given to wheels depends on their diameter. Those of 1™* 50 and less 
have four arms, those of &om l"*-50 to 2»'50 have six, and those from 2"'' 50 to 5 metres have 
eight. If it is necessary to employ wheels of from 5 to 7 metres, a case that seldom occurs, we may 
increase the number of arms to ten. 

It is customary to give to the arms of wheels a section exactly equal to that of the rim, and they 
are strengthened on each side by a rib of the same thickness as that of the crown, and running into 
the latter. If any space semains between the bases of tiie arms, the rib runs round tiie centre or 
nave. 

Methods of Thxeing the various Fbrms of Gear. — Epicyohiddl Gear, — ^We have shown the different 
principles upon which the construction of gear and the calculation of its dimensions rest ; we will 
now point out the^ rules generally followed in tracing it. 

It is known that when a circle is made to roll upon another circle, any point in its oiroumferenee 
describes an epicycloid. The motion which produces the curve is subject to the same laws as that 
of two tanffent circumferences revolving about their centres when the latter are fixed. It follows 
from this that if we give the epicydoidal form to the profile of the teeth, the wheels will be driven 
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by each other in the same manner as they would be by simple contact. This form is sometimes 
aaopted. Suppose now we have to construct a spur epicyoloidaJ gear with the following data ; — 

Distance of the centres 0<" * 267 

Batio of the velocities X 

Distance of the teeth 0"'035 

Take A B, Fig. 3150, equal to 0'"'267, and divide this line into two parts a A and a B, so that 

they may be to each other as 3 is to 5. The circumferences described with a A and a B as radii are 

the pitch-lines of the gearing. The length or development of the circumference of the wheel is 

1*049 
expressed by 2«'a B, or 628 x 0-167 = l«-049; and the number of teeth is given by ^7—- = 30. 

The pitch-line of the pinion being 2 v a A, or 6 * 28 x ' 100 = 0<" ' 628. 

0*628 
The number of teeth is = 18. 

The division of 1 '049 and 0*628 by the distance of the teeth cannot be exactly performed, but 
the approximation is such that the error of calculation when spread over all the divisions may be 
neglected. Also by taking the radius a B equal to 0* 167 instead of 0*66875, and the radius a A 
equal to 0* 100 instead of 0* 100085, we make the error ^ millimetre at the most. 

Mark now, beginning at the point of contact a upon the circumference a B, the lengths a 6, 6 c, 
c d . . . , equal in development to O*" * 035 ; mark off also these divisions upon the circumference a A, 
beginning at the same point o^ then, upon the radii a B and a A as diameters, describe circum- 
ferences, and determine a fraction a of the epicycloid generated by the point a, supposing the 
circumference a D to roll upon the primitive circumference or pitch-line of the pinion. The face of 
the tooth of the pinion will be taken upon a o, and the shoulder upon the radius a A. If we now 
draw the radii through the points of division, and to each of these points bring the curve ao with 
its concave side turned towards the axis of the tooth, we shall get all tiie profiles. The faces of the 
teeth of the wheel are determined by constructing the portion a a' of the epicycloid described by 
the point a while the circumference a is rolling upon tne pitch-line of the wheel, and by Iwinging 
this curve to the end of the radii of the points 6, c, a . . . 

The depth of the teeth depends, as we have seen, upon the duration of contact or driving arc. 
If it be required to have always three teeth engaged, this arc must be made equal to the Stance 
of the teetn of each side of the line of the centres. Thus a K being the distance of the teeth, the 
epicycloid which begins at K must be produced until it meets the circumference D a in m. From 
the point A as a centre, with A m as a radius, describe a series of arcs such as m^, which will limit 
all the teeth of the pinion. This operation is performed in the same manner for the wheel. The 
circumferences which limit the teeth of both wheels meet the line of the centres in the points p 
and q ; mark oft, beginning at these points and in the direction of the centres, the lengths p q and 
p' q' equal to ^ or 4 of the projection of the tooth upon the pitch-line. The circumferences described 
from tbe points 6 and A with B q and A 9' as radii, will determine the bottom of the spaces 
between the teeth on the wheel and on the pinion. It only remains then to round slightly the 
angles formed by the periphery of the wheel and the sides of the teeth. 

Remark. — ^Epicydoidal gear has the grave defect of being able to drive only one wheel, or if it 
drive several, they must be all of the same diameter. The faces of the teeth of the pinion are in 
fact obtained by the rolling upon its primitive circumference of a circle having as its diameter the 
radius of the primitive circle of the wheeL Thus the curve generated for different pinions will 
vary with their diameter. Again, the faces of the teeth of the wheel are determined by the rolling 
upon its primitive circumference of different circles having as diameters the radii of the pinions, 
llie curves generated all comply separately with the requirements of the question, but none can be 
employed to drive the system. Consequently, it is bettor in this case to renounce the form of the 
epicydoid, and to employ the involute, which does not possess the same defect, as we shall have 
occasion to show presently. The epicycloidal form may be made use of, however, in the case of 
which we have been spesJdng, by taxing a generating circle having as a diameter the radius of the 
smallest pinion, and by causing it to roll successively upon the primitive circumference of the wheel, 
and upon that of each of the pinions whidi it is to drive. 

Cylindrical (7Mr.— This kind of gear which the French call firom its form, laiUem ^«or, is vicious 
from several points of view, and its use has been almost wholly abandoned. We will, however, 
point out the principle of its construction, as cases now and then occur in which it is necessary to 
employ it. 

In this kind of gearing the pinion is provided, in the place of teeth, with cylindrical spindles, such 
as G, Fig. 3151, aU of which have their centres upon the primitive circumference B. The driving 
wheel is provided with teeth or cogs, the profile of which we are about to determine. 

Let A be the primitive circunSerence of the wheel and B one of the positions of the lantern 
gear. Suppose the wheel A fixed, and make the circle B roll round it until it comes into the 
position B'. During this motion the centre of the spindle will evidently describe an epicydoid </, 
and its new position a' will belong to this curve, and to the circumference B'. The tracing of gear 
rests theoretically upon this principle, namely, that the normal common to the point of contact of 
two conjugate teeth, passes through the point of contact of the primitive circles. If, therefore, 
from the point a" we araw a normal a" a' to the circumference C, we shall obtain the corresponding 
point 6 ofi^e tooth of tiie wheel, that is, tiie point in which the contact of the cog and the spindle 
will take place. If now we bring back the circle B' to its former position B, the point 6 will describe 
during the motion a curve cf equidistant from <f, which curve gives the true form to be adopted for 
the profile of the cogs of the wheel A. 

It is now easy to show that this kind of gear is defective. Let C" be a position of the spindle, 
and <r' the oonesponding position of the tooth in contact. If the motion is in the direction of tho 
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arrowB, it is dear that the curve (f will not drive the spindle, bnt that it mnst be driven by it. 
Thus, hefore the line of the centres^ the cog cannot drive the spindle. If the motion of the wheels is in 
the contrary direction, it will be seen in like manner that beyond the line of the centres^ the spindle 
cannot drive the cog. This kind of gear is, therefore, very incomplete, and it must remain so, for if 
both branches of the curve were employed, the motion could not pass the line of the centres. 
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Practical Method for Epicydoidal Oear,— When the wheels are large and the teeth consequently 
long, in order to preserve to the curve which forms a part of the profile its particular character, it 
is usual to execute a portion of the drawing in full size, and to make a model from it, by means of 
which that form whicn has been graphically obtained, may be transferred exactlv to the wheel. 

Generally the teeth are short enough to allow of their curve being considered, without an 
appreciable error, as an arc of a circle. This radius of this arc must not be taken arbitrarily ; and 
besides this, the centre of curvature must be properly placed. The common radius of the arcs for 
the teeth of tiie same wheel, and the geometrical locus of all their centres, are determined by the 
following construction, which gives a most satisfactory result. 

The pitch-lines A and B, Fig. 8151, being given, draw through their point of contact a straight 
line xy^ making with the line of the centres pqan angle of 7SP ; draw also from the centres p and 
qXoxy the perpendiculars pm,qn. The magnitudes a m and a n are the radii, and the points m 
and n the centres of the arcs which may be substituted for the epicycloid in the profile of the teeth. 
It is very evident that the clrctmiferences described with t> m and 9 n as radii will contain all the 
centres, and if care be taken to mark them beforehand when the wheels are on the axle, the 
. operation of tracing the teeth will be ouickly performed. 

Involute Oear,^Ijet Bg and A^, Fig. 8152, be the radii of the pitch-lines of the wheel and 
pinion, determined aocordmg to the data, and in the manner we have already described. Let us 
take as the profile of the teeth of the pinion, the involute </ 6' of a circumference, Ap interior to 
A ^, and determine the conjugate curve. If we draw through the point g a normal x y to 6V the 
point of intersection a ia the point in the conjugate tooth where its contact with that of the pinion 
IS to take place. Again, as it is an established geometrical fact that every normal to the involute 
is tangent to the evolute, it follows that the line xyU tangent to the circumference Ap at the end 
of the radius A n. Having drawn the perpendicular B m, and taking this line as a radius, we 
describe a circumference, the involute ca 6 of which is the curve conjugate with </ a b\ It may be 
easilv demonstrated that the evolute of c a 6 must be the circumference B m. 

The triangles ang^Bmg being similar, their homologous sides are proportional; but as A ,7, 
Bp^ and An are constant, Bm remains constant, and must be the radius of a circle. The two 
radii A n and A m are to each other as those of the pitch-lines A g and B g. The locus of the points 
of contact of the teeth is the line xy; but in practice, contact can take place only on the portion 
m m of this luie. Theoretically, the angle agx may be arbitrary, but it is usually made et^nal to 
75^. Some millwrights take from the point g upon the pitch-line A <;, an arc ^^ A K equal to twice the 
distance of the teeth : the Hue K 7 produced is then Uie common tangent of both circumferences. 
We have now only to divide the pitch-lines in the manner described when treating of epicycloidal 
gear, and to shape the teeth by the involutes passing through the points of division. 
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In this kind of gear the driving force \b exerted througbout the whole length of the line m n, 
and, consequently, before and beyond the lino of the centres. It may be remarked that a wheel of this 
kind plays no part in the construc- 
tion of the conjugate wheel ; it fol- 
lows, therefore, that it possesses the 
valuable property of being able to 
drive at once several wheels of the 
same kind, of different diameters. 
This system works well after the 
shafts have been forced a little be- 
yond their original position, and is, 
therefore, suited to rolling mills and 
similar machines. 

Inner Gearing, — When the mo- 
tion of two parallel shafts is to take 
place in tne same direction, we 
cannot employ two wheels both 
toothed on the outer circumference ; 
one of them, necessarily the larger, 
is toothed on the inner side. In 
this system the profile of the teeth 
differs from that which we employ 
in the other oases, and tliat on ac- 
count of the following oonsidcra- 
tions. 

In epicycloidal gear the shoulder 
of the tooth is generated by the 
rolling on the inner side A the 
primitive oiicumference, of a circle 
having only half its diameter. The 
force is generated by a pmat of a 
circle rolling externally upon the 
same circuimerenoe. The forms of 
the shoulder and face may be made 
to run into each other, and it is easy to cut the material to the profile given by the drawing. If 
we adopt the same method for the inner gear, impossibilities arise in practice which obUge us to 
abandon the system of reciprocal shoulders. The only admissible solution of the diffloolty oonsistB 
in giving shoulders to the teeth of the pinion and curves to the wheel. 

Suppose now we have to construct an inner gearing with the following data 

Distance of the centres 0""100 

Distance of the teeth ©"■•OSS 

Ratio of the velocities ^ 

If r and n represent the radius and the number of revolutions of the wheel, r^ and n' the radifU 
and number of revolutions of the pinion, we have the proportion r : r' :: n' : n. 

According to the data, n' = 2 n ; therefore r = 2 r. 

But the distance of the centres (f = r — r' = 2r' — r'sr'; therefore* the radius of the pinion 
is equal iodor 0">'100 ; and that of the wheel r=2r^ = 0°**100 x 2 = 0"-200. 

Having acquired these data, continue the operation in the following wav ; — 

Describe the pitch-lines A a and B a tangent in a. From this point a divide the nitch-line of 
the wheel into parts a 6, 6 c, c d . . . , equal to the distance of the teeth or to 0™*35. Mark in the 
same way, beginning at the point a, these same divisions upon the circumference of the pinion in 
a b\ b' c\ c'd' , , , f then, having detennined the thickness of the teeth with respect to tne space 
between them, transfer it from the points a, &, c . . . , and a, 6', </..., to a 1, 6 2, c 3 ... , and 
a l\ V 2' J c' 3' . . . Through these points of division in the pitch-line B a, draw radii such as B 1, 
which determine the profile of the teeth of the pinion, since they consist wholly of shoulder. 

The teeth of the wheel may be obtained in the following manner ; — 

Upon the radius B a as a diameter describe a circle a C, and, in order not to crowd the diagrazzL 
take a second position a'C of this circle; determine a portion a'm of the contracted epicycloid 
described by the point a', whilst the circle G'a' is rolling upon the inner side of the pitch-fine of 
the wheel. Transfer this curve to all the points of division a, 6, c, tf . . . , 1, 2, 3 . . . , placing the 
concave side towards the middle of the tooth. Having completed this operation, it only remains 
to limit the teeth. Those of the wheel are taken long enough to have at least three couples always 
in contact, and they are limited by the circumference described upon A|> as a radius. 

The teeth of the pinion do not terminate at the primitive circumference ; they would terminate 
at the intersection of this circumference with the radii in sharp angles, which would have an 
injurious effect upon the teeth of the wheel. The profile of the shoulder is continued by arcs of 
circles, such as a n, which run into other arcs described with B n as a radius. We have now only 
the bottom of the spaces between the teeth, or in other words, that portion of the periphery of the 
wheel that is comprised between two teeth, to determine. The play p<7 and p'ff depends on the 
dimensions of the gear and on the care bestowed on its execution : tne amount of play being decided 
upon, describe with the radii Ag' and Bg a series of arcs such as // and gf. It is well to make 
the tooth join the periphery by a curve rather than to enter it at right angles. 

jRack and Pinion. — ^If we suppose a toothed wheel to increase in diameter indefinitely, the diao 
which bettfs the teeth will become a straight surface, and its circular motion will evidently bo 
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converted into a rectilinear motion, since in the proportion rlr^lln'lnyr being e^nal to inflnitr, 
fi will be equal to zero. The straight surfSace which receives a rectilinear motion is called a rack. 
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Let A a, Fig. 8154, be the pitch-circle of the pinion, and x y the pitch-line of the rack, tangent 
in the point a. Divide, from the point a, the circumference A a into parts a 6, 6 c, c d . . . , e<^ual 
to the pitch or distance of the teeth, and mark these same divisions upon x y. From the pomts 
«r, A, c . . . , and a\ b\c' , . . ^ mark the thickness of the teeth at a 1, 6 2, c 3 ... , and a 1', 6 2', c 3' . . . 
Tlie radii frf)m the points a, 6, c . . . , 1, 2, 3 . . . , determine the shoulders, or as thev are often 
called, the flanks, of the teeth of the pinion, and those of the rack may be obtained by drawing 
perpendiculars to x y through its points of division. 
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If now we suppose the line syio move about the pitch-circle of the pinion, its first point of 
contact will descrioe an involute of this circle, which should be taken as the profile of the teeth. 
Haying determined a portion o m' of the curve, we have only to bring it to each of the points of 
division in the circumference A a. 
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To shape the teeth of the rack we take a portion a*m of the eycloid generated by the point a of 
a ciicle B a, deflcribed npon the pinion aa a diameter, and rolling upon xy. To limit the teeth of 
the rack we asually take a length a V equal to the pitch, deacriM the cycloid at the point &', and 
produce it till it meets in K the generating circle B d. The line parallel io xy drawn through the 
point K gives the extremities of the teeth. The teeth of the pinion are limited by the circumference 
of a circle described with the radius 6 K', and determined by the position of the point -E upon x y. 
The length akia usually taken equal to the distance of the teeth, out it may be altered if it is seen 
that there are too many teeth in contact or that the force is exerted upon too small a number of 
teeth. 

To complete the drawing we take upon the line A a, beyond the extremities of the teeth, the 
short distances p q and p' 9 1" to represent the play to be allowed at the bottom of the spaces. The 
circumference described with A9 as a radius, and the parallel \o xy drawn through the point 9, 
determine the roots of the teeth. 

Bevelled Gear. — When it is required to transmit the circular motion of a shaft A B, Fig. 3155, 
to another A G, making with it any angle BAG, conical or bevelled gear is employed. This kind 
of gear possesses the same properties as the spur-gear. Suppose, for example, the two axes A B 



m 



and A G given, as well as the ratio - of the number of revolutions, at the points a and c taken 



n 



arbitrarily upon each of the axes, raise the perpendiculars ah,cd; take upon a 6 a length ag, and 
upon cd a length c/, proportional to m and n. Through the points g and / draw g h and /E 
parallel to the axes ; tne point of intersection determines, with the summit A, the generatrix of 
contact A D. The perpendiculars ok and /, drawn from the point to the axes, represent the 
radii of the bases of the cones or teeth. 

Denoting the velocity of the motion by V, the angular velocities of the pinions by V'j and Vj, 
and the rami by B and B', we have Y = V, R, and Y = Y', B'. But as the velocity Y is d^pen- 
dent upon each of the pinions, we get the equation Y| B = Y'l B', from which we deduce the 
proportion Y| : Y'l : : B' : B. Thus in bevelled as in spur-gear, the angular velocitieB are inversely 
pzoportionate to tne radii. 

8U& 8166. 




But, the two axes and the ratio of the velooities being given, we may determine the generatrix 
of contact in the foUowirg manner ; — Upon the axis A B, Fig. 3150, take A a equal to m, and upon 
the axis A G, a 6 = n ; tlm)Ugh the points a and 6 draw a g, 6/, parallel to the axes ; the point in 
which they meet belongs to the generatrix of contact. If we let fall upon the axes through the 
point 0, tne perpendiculars oc, od, we get two similar triangles, which give the proportion 
od : 00 :: oa : 06; but oa = n and 06 = m; substituting these values, we have od : oc II n I m. 
Therefore the radii od^o c. or the diameters of, oa\ fulfil perfectly the condition required. 

Let us now execute a drawing of two bevelled wheels oy means of the following data ; — The 
angle BAG, Fig. 3157, is equal to 82^. The ratio of the velocities is |, and let £ be the force to 
be transmitted. 

By operating in the way described above, we easily obtain the generatrix of contact A D. 
Upon this line we determine a point a, such that the perpendiculars a8,aty let fall upon the axes, 
may be to each other as 2 is to 3. By taking s 6' = a 9 and < 6 = a f, we have the primitive diameters 
of the bases of the cones. Through the point a draw o' perpendicular to A D ; in this way we 
get two cones oab and o'a b' which will limit the base of the gear. Having calculated the thick- 
ness of the teeth, and consequently the pitch, according to the force F in the manner described 
for spur-gear, take a length a a' varying between tiiree and four times the thickness of a tooth, 
aooording to the nature of the metal employed and the conditiona in which the pinions work. 
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Draw tfaioti^h the point a\ m n perpendictUar to A D, and dc^<i<f parallel to a 6 and a* b\ so tiiat 
a'/e = kcj and a' A =:hc'; aiaw m c and n c'. We get in this way two cones m a e and n a </, which 




limit the upper portions of the pinions. The two lines which join A to the points 6 and b' evidently 
pass through the points c and c', and are the primitive generatrices or the several positions of the 
generatrix of contact. 
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Kow, from the points o and o\ with oa and o'ass xadii, deaoribe two ares ax ana ax\ which 
may be oonsiderod as the pitch-circles of two spur-wheels, and upon which the gear is constructed^ 
with the pitch previously aetennined. The teeth thus obtained represent the bades of the teeth of 
the pinions. If we consider the teeth obtained for the wheel A G, ihQ circumferences which limit 
them at their extremities and at their roots, meet the line o o' in the points/} and q ; through these 
points draw lines parallel to a 6' till they meet o'b' inp and g'. 

Now, with m a and n a' as radii transferred to m' a" and n' a'\ describe two ares which will serve 
as a basis to a drawing analogous to the one given above. The teeth obtained form the upper 
extremities of those of the pinion. By bringing, through lines parallel to the ge^ eratrix of contact, 
the extremities and roots of the teeth upon m n, we get the points / and g, through which we draw 
lines parallel to a' o and a' c\ We might determine these pftfallels equally well by giving the points 
p% g', to the summit A, which would give the points /, g'. The outline of the pinion is thus 
complete. What we have said is sufficient for practice, the rest belongs to descriptive geometry ; 
we will, however, Ppint out in summaiy manner what remains to be done to complete the plan. 

Take a plane r Q perpendicular to the axis A G ; mark upon this plane the different radii 
which have one of their extremities upon the axis and the other in the points p, a, 9, and /, a\ g ; 
from the poUit 9, with these radii, describe circles which will represent the plane of the pinion, 
projected at first upon the plane P Q. Upon the circumferences a, and v a\ considered as pitch- 
circles, trace the teeth ia the maimer shown for spur-gear, that is, recommence the operations indi- 
cated by the dotted lines ; then join the extremities of the teeth and project each of them upon the 
yertical plane. All the operations indicated for the wheel A G must be repeated for the other. 

After having determined the generatrix of contact and the primitive radii of the wheels, it 
almost alwap happens that the pitch, determined in accordance with the force F, does not exactly 
divide the circumferences described with these radii. In this case the number of the teeth must 
be lessened, and consequently the pitcii iner^ued, until the division can be exactly made. No 
ittoonvenienoe can result from modifying in this direction the dimensions of the teethe 

We have selected as our example tSe ease of two shafts forming an acute angle : the method 
of drawing is the same in all cases ; but the most general case is that of two shafts placed at right 
angles to each other. 

Endlesa Screw and Ptmon.— When it is required to communicate the continuous circular motion 
of a shaft to another not situate in the same plane, the endless screw and pinion may be employed, 
if the given axes are at right angles and near each other. 

The discussion of the principles upon which the oonstmction of this gear rests would lead us 
into a somewhat complicated theory, wnich we will pass by for the sake of considering the drawing 
from a practieal point of view. The data are reduced to the work and, consequently, to the force 
F to be transmitted. • 
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It is generally required to obtain one revolution of the pinion to a determinate number of 
revolutions of the screw. In this case, the number of teeth on the pinion is equal tc the number 
of revolutions of the screw. But the distance of the toeth \b calculated for the force to be trans- 
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mitted and remains invariable ; therefore It is necessary to make the radius of the pinion depend 
upon the number of teeth : this cannot be, however, unless the distance of the axes be unlimited. 
It must be remarked that in almost all cases, the screw drives the pinion, the object being aq 
increase of force at the cost of speed. 

Knowing the maximum work to be transmitted, we may determine the pitch of the pinion, 
which is also that of the endless screw. The radius of the solid portion of the screw may be taken 
as a function of the pitch, since it is also dependent on the force. It is usually obtained by 
multiplying the pitch bv 5, and dividing the result by 2. To execute the trace we must take 
A a, Fig. 8158, equal to the primitive radius of the pinion ; draw through the point a, a perpen- 
dicular xy, which will be the pitch-line of the screw. From the point a, take upon the radius of 
the pinion produced, a length a q e<)ual to \^ the radius of the solid or central portion of the screw, 
so that ap may be equal to -^^ of this radius. By taking qa* = qa, and drawing x' y' parallel to the 
axis m n and to x y, we obtam the other pitch-line of the screw. 

Now mark upon the pitch-circle of the pinion the lengths a 6, 6 o ... , equal to the pitch ; mark 
these same divisions upon xymab\b'</,,, /and construct the teeth of a rack, by taking as their 
faces the cycloid generated by a circle of a diameter A a, rolling upon x y, Tzuoe upon x^y' teeth 
symmetrical to the preceding with respect to mn. The belicoidal portions which unite the profiles 
r s and V t, for example, to r s' and p v\ determine the thread and its inclination with respect to 
the axis of the screw. 

The teeth of the pinion must have upon the disc which carries them the same inclination as 
the thread of the screw ; the profile of them will therefore need to be traced upon each face of the 
wheel. Thus o k represents the profile of a tooth upon one face, and o' k' the same profile upon the 
other ; o o' is therefore the inclination upon the breadth of the wheel. As to the form of tiiis profile 
it has not been exactly determined, but if the teeth are Uurge, they must be cut to receive as nearly 
as possible the impress of the thrcntd of the screw. Besides this, the extremities of the teeth and 
the bottom of the spaces, instead of being straight, that is form of generatrices situate in planes 
parallel to the axis, will present circular gorges, the radii of which are a little greater ibknpq 
and a q. 

It often happens that the endless screw has several threads ; the distances which separate them 
are, in this case, equal fractions of their common pitch. The length of the screw may be limited 
to the three or four threads which act simultaneously. If we trace upon a cylinder of a consider- 
able diameter, a series of thr^s of a very wide pitch, and then reduce each of them to a small 
portion of a spiral by means of two planes perpendicular to the axis and near together, we obtain 
what is called a helicoidal gear. 

Construction of Cams for Stamps and Hammers. — The conversion of the continuous rotatory motion 
of a shaft into a reciprocating rotatory or rectilineal motion is frequently made in mills, and 
especially in iron-works, to obtain the ascensional motion of the stamps and hammers. 

Suppose a rod A, Fi^. 8159, furnished with a stamp, to be guided in such a way that it can move 
onlv in a vertical direction ; such a rod may be raised by teeth or cams turning about an axis o 
and acting against a projecting part 0. The stamp faUs by its own weight, to he raised again by 
another cam. 

When a system of this kind is established it is necessary to consider — 1. The number m of cams 
to be employed. 2. The angular velocity of the shaft, or the number n of revolutions it is to make 
a minute. 8. The height to which the stamp is to be raised. 4. Tha radius of the pitch-circle to 
be developed to obtain the profile of the cams. 

The course or stroke of the stamp is generally determined beforehand, and upon it alone depends 
the velocity of impact. The number of cams and the number of revolutions are mutually depen- 
dent, and their product m n must be equal to the number of strokes a minute. We must in all cases 
take one of the factors and deduce the value of Uie other. 

If we denote by T the time of one revolution, the time which elapses between the beginning of 

T 

two consecutive strokes will be expressed by — • 

T 60" 
The number of strokes a minute being equal to m n, we have — = — • 

m mn 

T 
As there are always some passive resistances opposed to the descent of the stamp, — must be 

m 

increased in value by ^ or | to prevent the stamp from falling upon the cam which is to raise it. 

This result may be arrived at by increasing the radius of the pitch-circle upon which we operate 

fur the construction of cams. 

6 T 

Thus the time of one ascent is given by - - . The formula of the time occupied in the descent 

7 m 

. ,, 2c ,, 2A _ . . , , - ^ a/'2T 

18 r = — , or r = — , from which we deduce * = ^ r-—- . 
g 9 9-81 

The time t' during which the cam will act upon the stamp is therefore expressed by 

7 m 9-81' 

The radius of the circumference to be developed wOl now be calculated by the formula 

~rx~6-28n* 
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This radius n.ay neyer be Idea thas the valao given by the fonniila, but no inconyenieotee can 
result firom making it greater; this indeed, is nearly always done. 




T\race oj Coma. — ^Having described a circle with a radius r, draw the vertical tangent » y upou 
which the point of application of the force transmitted will constantly be. Take gc = h^ and draw 
the highest position of the projecting piece c. Determine a portion gkot the involute of the circle 
og, and from tlie point o, with the radius oc^ describe a circle, which will limit at the point / 1^ 
length of the cam. The other face of the cam is generally a nearly straight line; it is traced so 
that the form obtained may be nearly that of a solid of equal resistance, the greatest Uiickness 
mn of which is calculated according to the maximum force to be developed, and the strength of 
the materials. 

Theoreticallv, the cam should possess no thickness at its extremity, but in practice it has a 
thickness, which, instead of being marked by the circumference passing by the point c, is marked 
by a portion cp of the line xy. This allows the instantaneous escape of the stua c. 

Epicychiiki Coma for converting a Chntinuoua into a Reciprocating Jkotatory Motion, — The construc- 
tion of cams for raising mill-hammers differs from the preceding in using the epicycloid. 

Let on, Fig. 8160, be the whole length of the hammer; from the point o, about which the 
hammer revolves, describe a circle with the radius o n. Take as the radius of the piti'h-cirde of 
the cams a sufficient length to prevent the hammer from falling upon the cam which is to raise it^ 
What we huvo said above in reference to this subject is equally applicable here. 

To find the form to be given to the profile of the cams, descrioo a circle with the diameter o a, 
and determine a portion a m of the epicycloid generated by the point a wliile this circle is rolling 
upon the circle o'a. 

To find the limit of the cams, take from the point a, upon the circle with a radius o a, the arc 
a n, representing the space tmversed by the end of the hammer in its ascent, and describe the 
circle with a radius o' n. The two profiles of the cam, as in the preceding case, need not be sym- 
metrical, but generally they are made similur. The thickness pq is determined in the manner 
described abovo for stamps. It may be remarked, however, that the resistance to be overcome by 
the cams is not in this case merely the whole weight of the hammer, and that the length of the 
arms of the lever turning about the point o must be taken into aooount. Neglecting the weight of 
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thfi beam o n, 
we have F = 



and denoting the \vciglit of the hammer by W, and the force borne by the cam by F. 
OKx W ^ 



on 



316a 




Suppose, as it IB always well to snppose, that the load is oonstantW borne by the end of the 

cam^ and denote by a, 6, c, the three dimensions of the latter, that i& thickness in the direetioii 

of the force, breadth taken peipendicularly to the direction of this force, and the length of the 

cam. Neglecting the weight of the tooth, the section at the base will be given by the formula 

Fc 
a 6* = ^ , if the cams are of cast iron. If they are of wrought iron, the divisor of the pro- 

duct F c is 1000000 ; and if they are of wood, this divisor will be reduced to 100000. 

Cofutruction of the Eeari'^haped Cam, — This cam, whose form is sufficiently indicated by its 
name, is used to con- 
vert the continuous siei 
rotatory motion of a 
shaft into a recipro- 
cating rectilinear mo- 
tion of a rod, and 
80 on. The only da- 
tum necessary to the 
construction is the 
length of the stroke 
required. 

To construct the 
heart-shaped eccen- 
tric, take a length 
A B, Fig. 8161, equsi 
to the stroke; roo- 
duceitfirstto G, BO 




to<i.>Ga being equal 
to the radius of the 
shaft. Describe the 
oirolesaO, aB, a A; 
divide each mJf of 
the dxcle A a into 
eight equal parts, for 
example; the greater 
the number, the more 
exact will be the con- 
struction. Draw the 
radiial, a2, aS...; 
divide in like manner 
AB into eight equal 
parts, and from the 
centre a desortbe 
the circles passing 

through the points of division; the point in which each of these circles meets the radius of the 
same number is a point in the curve. 
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If the cam is to work against a roller, which is generally the case, the angle B must bo 
rounded a little to give it the form of the roller ; and a length equal to the radius of this roller 
added to the radius A a, which length is pliused between the stroke A B and the thickness B C. 

The heart-shaped cam possesses several valuable properties. 

1. It intercepts upon all the lines passing through the centre a equal length ; this enables it to 
turn in a frame. 

2. The spaces traversed in a straight line by the frame or rod are exactly proportional to the 
angular velocity of the cam ; whence it follows that if the rotatory motion of the shaft is uniform, 
the rectilinear motion produced is uniform also. 

Trace of a Cafn cort' 
verting a Continuoua 
Hotatory Motion into a 
Uniformly Periodical 
ifo<ion.— Suppose the 
rectilinear motion to 
be produced to be 
slow at the begin- 
nin 



?» 



accelerated 
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durmg a certain time, 
and retarded towards 
the end of the stroke, 
so as to end with the 
Telocity with which 
it began. 

Having taken, as 
before, A B ec^ial 
to the stroke, Fig; 
8162, we add BO 
equal to the radius 
of the roller; the 
point is here the 
beginning of the 
curve. Take C D as 
the least thickness of 
the metal and D a 
equal to the radius of 
the shaft. From the 
point divide G A 
into parts propor- 
tional to the accelera- 
tion or the retardment 
of the velocity at the 
given points of the 
stroke, and describe 
from the centre, a 
the circles passing 

through the points 1, 2, 8 . . . Divide each half of the circle a A into six equal parts, and draw 
the raoii to the points of division ; their intersection with the circumferences passing through the 
corresponding points of the stroke A G gives the points of the curve sought 

This eccentric cannot like the last, work in a frame. 

Fig. 8168. A method of engaging, diseneaging, and reversing the upright shaft at the left. 
The belt is shown on the middle one of the uiree pulleys on the lower shafts a, Vwhich pulley is 
loose, and oonsequenUy no movement is communicated to the said shafts. When the belt is 
traversed on the left-hand puUev, which is fast on the hollow shaft 6, carrying the bevel-gear B, 
motion is communicated in one direction to the upright shaft ; and on its being traversed on to the 
right-hand pulley, motion is transmitted through the gear A, fast on the shaft a, which runs inside 
of 6, and the direction of the upright shaft is reversed. 

31S9. ^^^ 






i 



3164. 




floiiigni 



3A 




Fig. 8164. Spur-gears. , . , *. x _i 'n. •* •- 

Fig. 3165. The wheel to the right is termed a croim-wA^jtf/ ; that gearing with it is a spur-gear. 

These wheels are not much used, and are only available for light work, as the teeth of the orown- 

wheel must necessarily be thin. 
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Fig. 3166. Mtdtipie-^eoriM — a recent invention. The smaller triangular ^heel drives the 
larger one by the movement of its attached friction-rollers in the radial grooves. 

Fig. 3167. These are sometimes called brush-wheels. The relative speeds can be varied by 
changing the distance of ihc upper wheel from the certre of the lower one. The one drives the 
other by the friction or adhesion, and this may be increased by facing the lower one with india- 
rubber. 

Fig. 3168. Transmission of rotary motion from one shaft at right angles to another Tho 
spiral thread of the disc-wheel drives the spur-gear, moving it the distance of one tooth at ereiy 
revolution. 

Fig. 3169. Worm or endless screw and a worm-wheel. This effects the same result as Fig. 81 08 : 
and as it is more easily constructed, it is oftener used. 

Fig. 3170. Friction-wheels. The surfaces of these wheels are made rough, so as to bite as 
much as possible ; one is sometimes faced with leather, or, better, with vulcanized india-rubber. 

Fig. 3171. Elliptical spur-gears. These are used where a rotary motion of varying speed is 
required, and the variation of speed is determined by the relation between the lengths of the major 
and minor axes of the ellipses. 

Fig. 3172. An internally-toothed spur-gear and pinion. With ordinary spur-gears (such as 
represented in Fig. 3164) the direction of rotation is opposite ; but with the internally-toothed gear, 
the two rotate in the same direction ; and with the same strength of tooth the gears are capable of 
transmitting greater force, because more teeth are engaged. 

Fig. 3173. Variable rotary motion produced by uniform rotary motion The small spur-pinion 
works in a slot cut in the bar, which turns loosely upon the shaft of the elliptical gear. The bearing 
of the pinion-shaft has applied to it a spring, which keeps it engaged; the slot in the bar is to 
allow for the variation of length of radius of the elliptical gear. 

Fig. 3174. Uniform into variable rotary motion. The bevel-wheel or pinion to the left has 
teeth cut through the whole width of its fiace. Its teeth work with a spirally-arranged series of 
studs on a conical wheel. 

Fig. 3175. A means of converting rotary motion, by which the speed is made uniform during 
a part, and varied during another part, of the revolution. 

Fig. 3176. Sun-and-planet motion. The spur-gear to the right, called the planet-gear, is tied 
to the centre of the other, or sun-gear, by an arm which preserves a constant distance between tbeir 
centres. This was used as a substitute for the crank m a steam-eng^e by James Watt, after the 
use of the crank had been patented by another party. Each revolution of the planet-gear, which 
is rigidly attached to the connecting rod, gives two to the sun-gear, which is keyed to the fly- wheel 
shuft. 

Figs. 3177, 8178. Different kinds of gears for transmitting rotary motion from one shaft tc 
another arranged obliquely thereto. 

Fig. 3179. A kind of gearing used to transmit great force and give a continuous bearing to 
the teeth. Each wheel is composed of two, three, or -more distinct spur-gears. The teeth, instead 
of being in line, are arranged in steps to g^ve a continuous bearing. This system is sometimes 
used for driving screw-propellers, and sometimes, with a rack of similar character, to drive tho beds 
of large iron-planing machines. 

Fig. 3180. Frictional grooved gearing — a comparatively recent invention. The diagram to the 
right is an enlarged section, which can be more easily understood. 

Fig. 3181. Alternate circular motion of the horizontal shaft produces a continuous rotary 
motion of the vertical shaft, by means of the ratehet-wheels secured to tho bevel-gears, the ratehet- 
teeth of the two wheels being set opposite ways, and the pawls acting in opposite directions. The 
bevel-gears and ratchet-wheels are loose on the shaft, and the pawls attached to arms firmly secured 
on the shaft. 

Fig. 3182. The vertical shaft is made to drive the horizontal one in either direction, as may be 
desired, by means of the double-cluteh and bevel-gears. The gears on the horizontal shaft are 
loose, and are driven in opposite directions by the third gear ; the double-cluteh slides upon a key 
or feather fixed on the horizontal shaft, which is made to rotate either to the right or left, according 
to the side on which it is engaged. 

Fig. 3183. Mangle or star-wheel, for producing an alternating rotary motion. 

Fig. 3184. Different velocity given to two gears, A and C, on the same shaft, by the pinion D. 

Fig. 3185. The small pulley at the top being the driver, the large, internally-toothed gear and 
the concentric gear within will be driven in opposite directions by the bands, and at the same time 
will impart motion to the intermediate pinion at the bottom, both around its own centre and also 
around the common centre of the two concentric gears. 

Fig. 3186. Jumping or intermittent rotary motion, used for meters and revolution-counters. 
The drop and attached pawl, carried by a spring at the left, are lifted by pins in the disc at tho 
right. Pins escape first from pawl, which drops into next space of the star-wheel. When pin 
escapes from drop, spring throws down suddenly the drop, the pin on which strikes the pawl, 
which, by its action on star^wheel, rapidly gives it a portion of a revolution. This is repeated as 
each pin passes. 

Fig. 3187. Another arrangement of jumping motion. Motion is communicated to worm-gear 
B by worm or endless screw at the bottom, which is fixed upon the driving shaft. Upon the shaft 
carrying the worm-gear works another hollow shaft, on which is fixed cam A. A short piece of 
tills hollow shaft is half cut away. A pin fixed in worm-gear shaft turns hollow shaft and cam, 
the spring which presses on cam holding hollow shaft back against the pin until it arrives a little 
farther than shown in the figure, when, the direction of the pressure being changed by the peculiar 
shape of cam, the latter falls down suddenly, independtntly of worm-wheel, and remains at rest 
till the pin overtakes it, when the same action is repeated. 

Fig. 3188. The left-hand disc or wheel C is the driving wheel, upon which is fixed the teppet A. 
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The oilier disc or wheel D has a series of equidistant studs projecting from its face. Every 
rotation of the tappet acting upon one of the studs in the wheel D causes the latter wheel to moye 
the distance of one stud. In order that this may not be exceeded, a lever-like stop is arranged on 
a fixed centre. This stop operates in a notch cut in wheel G, and at the same mstant tappet A 
strikes a stud, said notch faces the lever. As wheel D rotates the end between studs is thrust out, 
and the other extremity enters the notch ; but immediately on the tappet leaving stud, the lever 
is again forced up in fhmt of next stud, and is there held by periphery of G pressing on its other end. 
Fig. 3189. A modification of Fig. 8187 ; a weight D^ attached to an arm secured in the shaft of 
the worm-gear, being used instead of spring and cam. 

FiK. 8190. AnoUier modification of Fig. 8187 ; a weight or tumbler E, secured on the hollow 
shaft, being used instead of spring and cam, and operating in combination with pin G, in the shaft 
of worm-gear. 

Fig. 8191. The single tooth A of the driving wheel B acts in the notches of the wheel G, and 
turns the latter the distance of one notch in every revolution of G. No stop is necessary in this 
movement, as the driving wheel B serves as a lock by fitting into the hollows cut in the circum- 
ference of the wheel G between its notches. 

Fig. 8192. B, a small wheel with one tooth, is the driver, and the circumference entering 
between the teeth of the wheel A, serves as a lock or stop while the tooth of the small wheel is out 
of operation. 

Fig. 3193. The driving wheel G has a rim, shown in dotted outline, the exterior of which 
serves as a bearing and stop for the studs on the other wheel A, when the tappet B is out of con- 
tact with the studs. An opening in this rim serves to allow one stud to pass in and another to 
pass out. The tappet is opposite the middle of this opening. 

Fig. 3194. The inner circumference (shown by dotted lines) of the rim of the driving wheel B 
serves as a lock against which two of the studs in the wheel G rest until the tappet A, striking one 
of the studs, the next one below passes out from the guard-rim through the lower notch, and another 
stud enters the rim through the upper notch. 

Fig. 3195. To the driving wheel D is secured a bent spring B ; another spring G is attached 
to a fixed support As the wheel D revolves, the spring B passes under, the strong spring G, 
which presses it into a tooth of the ratchet-wheel A, which is thus made to rotate. The o^tch- 
spring B, being released on its escape firom the strong spring G, allows the wheel A to remain at 
rest tUl D has made another revolution. The spring G serves as a stop.. 

Fig. dl9<^. A uniform intermittent rotary motion in opposite directions is given to the bevel- 
gears A and B by means of the mutilated bevel-gear G. 

Fig. 3197. Reciprocating rectilinear motion of the rod G transmits an intenuittent ciienlar 
motion to the wheel A, by means of the pawl B at the end of the vibrating bar D. 

Fig. 3198 is another contrivance for registering or counting revolutions. A tappet .B, supported 
on the fixed pivot G, is struck at every revolution of the large wheel (partly represented; by a 
stud D attached to the said wheel. This causes the end of the tappet next the ratchet-wheel A 
to be lifted, and to turn the wheel the distance of one tooth. The tappet returns by its own weight 
to its original position after the stud D has passed, the end being jointed to permit it to pass the 
teeth of &e latchet-wheeL 

Fig. 8199. The vibration of the lever G on the centre or fulcrum A produces a rotary move- 
ment of the wheel B, by means of the two pawls, which act alternately. This is almost a continuous 
movement. 

Fig. 3200. A modification of Fig. 3199. 

Fig. 8201. Beciprocating rectilinear motion of the rod B produces a nearly continuous rotary 
movement of the ratchet-faced wheel A, by the pawls attached to the extremities of the vibrating 
radial arms G G. 

Fig. 8202. Bectilinear motion is imparted to the slotted bar A by the vibration of the lever G 
through the agency of the two hooked pawls, which drop alternately into the teeth of the elotted 
rack-bar A. 

Fig. 3203. Alternate rectilinear motion is given to the rack-rod B by the continuous revolution 
of the mntilated spur-gear A, the spiral. spring G forcing the rod back to its original position on 
the teeth of the gear A quitting the rack. 

Fig. 3204. On motion being given to the two treadles I> a nearly continuous motion is 
imparted, through the vibratine arms B and their attached pawls, to the ratchet-wheel A. A chain 
or strap attached to each trea£e passes over the pulley G, uid as one treadle is depressed the other 
is raised. 

Fig. 3205. A nearly continuous rotary motion is given to the wheel D by two ratchet-toothed 
arcs G, one operating on each side of the ratchet-wheel D. These arcs (only one of which is shown) 
are fast on the same rock-shaft B, and have their teeth set opposite ways. The rock-shaft is 
worked by giving a reciprocating rectilinear motion to the rod A. The arcs should have springs 
applied to them, so that each may be capable of rising to allow its teeth to slide over those of the 
wneel in movingone way. 

Fig. 8206. The double raok-fhime B is suspended from the rod A. Continuous rotary motion 
is given to the cam D. When tiie shaft of the cam is midway between the two racks, the cam acts 
upon neither of them ; but by raising or lowering the rod A either the lower or upper rack is 
brought within range of the cam, and the rack-frame moved to the left or right. This movement 
has been used in connection with the governor of an engine, the rod A being connected with the 
governor, and the rack-frame with the throttle or regulating valve. 

Fig. 8207. Uniform circular motion into reciprocating rectilinear motion, by means of muti- 
lated pinion, which drives alternately the top and bottom rack. 

Fig. 8208. Gircular motion into alternate rectilinear motion. Motion is transmitted through 
pulley at the left upon the worm-shcit. Worm slides upon shaft, but is made to turn with it by 
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meftns of a groove oat in Bhaft, and a key in hnb of wonn. Worm is carried by a small traversing 
frame, which slides upon a horizontal bar of the fixed frame, and the traversing frame also carries 
the toothed wheel into which the worm gears. One end of a connecting rod is attached to fixed 
frame at the right and the other end to a wrist secured in toothed wheel. On taming worm-shaft 
rotary motion is transmitted by worm to wheel, which, as it revolves, is forced by connecting rod 
to make an alternating traverse motion. 

Fig. 8209. Gontinuons circular into continuous but much slower rectilinear motion. The worm 
on the upper shaft, acting on the toothed wheel on the screw-shaft, causes the right and left hand 
screw-threads to move the nuts upon them toward or from each other according to the direction of 
rotation. 

Fig. 8210. Scroll-gears for obtaining a gradually-increasing speed. 

Fig. 3211. What is called a manglc'rack, A continuous rotation of the pinion will give a 
reciprocating motion to the square frame. The pinion-shaft must be free to rise and fall, to pass 
round the guides at the ends of the rack. This motion may be modified as follows ;— If the square 
frame be fixed, and the pinion be fixed upon a shaft made with a universal joint, the end of the 
shaft will describe a line, similar to that shown in the drawing, around the rack. 

Fig. 8212. A mode of obtaining two difierent speeds on the same shidft from one driving 
wheel. 

Fig. 8213. A continual rotation of tHe pinion (obtained through the irregular-shaped gear at 
the left) gives a variable vibrating movement to the horizontal arm, and a variable reciprocating 
movement to the rod A. 

Fig. 3214. Worm or endless screw and worm-wheeL Used when steadiness or great power is 
required. 

Fig. 8215. Variable circular motion by crown-wheel and pinion. The crown-wheel is placed 
eccentrically to the shaft, therefore the relative radius changes. 

Fig. 8216. Irregular circular motion imparted to wheel A. C is an elliptical spur-gear rotating 
round centre D, and is the driver. B is a small pinion with teeth of the same pitch, gearing with 
0. The centre of this pinion is not fixed, but is carried by an arm or frame which vibrat^ on a 
centre A, so that as G revolves the frame rises andfalls to enable pinion to remain in gear with it, 
notwithstanding the variation in its radius of contact. To keep tne teeth of G and B in gear to a 
proper depth, and prevent them &om riding over each other, wheel G has attached to it a plate 
which extends beyond it and is furnished with a groove gh o( similar elliptical form, for the 
reception of a pin or small roller attached to the vibrating arm concentric with pinion B. 

Fig. 3217. If for the eccentric wheel described in the last figure an ordinary spur-gear moving 
on an eccentric centre of motion be substituted, a simple link connecting the centre of the wheel 
with that of the pinion with which it gears will maintain proper pitohing of toeth in a more simple 
manner than the groove. 

Fig. 8218. This movement is designed to double the speed by gears of equal diameters and 
numbers of teeth — a result once generally supposed to be impossible. Six bevel-gears are employed. 
The gear on the shaft B is in gear with two others—one on the shaft F, and the other on the same 
hollow shaft with G, which turns loosely on F. The gear D is carried bv the frame A, which, 
being fast on the shaft F, is made to rotate, and therefore takes round D with it. £ is loose on the 
shaft F, and gears with D. Now, suppose the two gears on the hollow shaft G were removed and 
D prevented tiom turning on its axis, one revolution given to the gear on B would cause the frame 
A also to receive one revolution, and as this frame carries with it the gear D, gearing with E, one 
revolution would be imparted to E ; but if the gears on the hollow shan G were replaced D would 
receive also a revolution on its axis during the one revolution of B, and thus would produce two 
revolutions of E. 

Fig. 3219. Wheel-work in the base of capstan. Thus provided, the capstan can be used as a 
simple or compound machine, single or triple purchase. The drumhead and barrel rotate indepen- 
dently ; the former, being fixed on spindle, turns it round, and when locked to barrel turns it also, 
forming single purchase ; but when unlocked wheel-work acts, and drumhead and barrel rotate in 
opposite directions, with velocities as three to one. 

Fig. 3220. J. W. Hewlett's adjustable frictional gearing. This is an improvement on that 
shown in Fig. 8180. The upper wheel A shown in section, is composed of a rubber disc with 
V-^go, clamped between two metel plates. By screwing up the nut B, which holds the parts 
together, the rubber disc is made to expand radially, and greater tractive power may be produced 
between the two wheels. 

Fig. 8221. Scroll-gear and sliding pinion, to produce an increasing velocity of scroll-plate A, 
in one direction, and a decreasing velocity when the motion is reversed. Pinion B moves on a 
feather on the shaft. 

Fig. 3222. Entwistle's gearing. Bevel-gear A is fixed. B, gearing with A, is fitted to rotete 
on stud E, secured to shaft D, and it also eears with bevel-gear Oloose, on the shaft D. On rotary 
motion being given to shaft D, the gear E revolves around A, and also rotetes upon ite own axis, 

A. 

This 

is represented with an attached drum' G'. This gearing^may be used for steering apparatus, 

driving screw-propellers, Ac. By applying power to G action may be reversed, and a slow motion 

of D obtained. 

GEODESY. Fr, G^bd^sie; Oer., OeodaHe; Ital., Qeodesia; Span., Geodeaia. 

An extensive survey made over large portions of the surface of the earth, either for the purpose 
of aseerteining the exact position of the principal places of a countrv, or of determining the dimen- 
sions and figure of the earth, is usually designated a Trigonometrical survey. This branch of 
surveying is termed Geodesy, 
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For this purpose a ooimtry is first divided into a number of large triangles, whoso sides are 
asoaHy from 10 to 20 miles in length; but sometimes they extend to 50 or 60 miles, and even 
occasionally, as in Spain and the west of Scotland, to 100 miles in length. All the angles of the 
triangles are then carefully observed, and a line situated in a level tract of country, called a hose 
Uncy is measured with extreme care. These triangles may be said to form a species of polyhedron, 
circumscribing a portion of the earth, and they are reduced.to others on its surface at the level of 
the sea, by supposing perpendiculars to be drawn from each station to the surface. The latitudes 
and longitudes of the different stations are then determined ; and also their heights, and the angles 
which the sides of the triangle make with the meridional line. 

The great triangles, into which the country is divided in the first instance, are denominated 
principal triangles. They are afterwards, by a second series of operations, subdivided into smaller 
ones, called secondary triangles, knd these again are broken up into others of still smaller dimen- 
sions, until at length a survey of the whole country is made of any degree of minuteness which 
may be thought necessary. The calculations are finally verijSed by measuring other base lines, and 
comparing them with their lengths determined by calculation. 

In the choice of stations, in a trigonometrical survey, there are two points which ought prin- 
cipally to be attended to ;-^lst. The angles should have such a magnitude, that any small inevit- 
able errors in the observations shall produce the least effect on the sides to be calculated. 2nd. The 
stations should all be distinctly visible from each other. 

To determine the most advantcujeous ecnditions of a Triangle, — ^Let a, &, e, be the sides of a triangle, 
and A, B, 0, the angles respectively opposite to them. The angles are all known from observation, 
and the side a is either measured or determined from previous calculation. The side 6 is then 
found from the equation 

6 sin. A = a sin. B.- [a] 

Suppose now that the side a is aceurately known, but that the angles A and B have not been 
ooneotly measured. Let a, $, be the respective errors in A and B, and let or be the corresponding 
error in the side fr. We have then (6 + x) sin. (A + a) = a sin. (B + fi). 

Expanding this expression, and putting cos. a = 1, sin. a^Oj oos. iS = 1, sin. iS := /3, since the 
errors a, /S, are necessarily very small, we get 

(6 + x) (sin. A + a oos. A) = a (sin. B + $ oos. B). 

Subtracting [a] from this equation, and omitting the term x a cos. A, which is the second ordeiv 
and extremely small compared with the other terms, we get 

X sin. A + 6 o cos. A = a i3 cos. B = — : — ^ /8 cos. B ; 

sm. o 

,'. « = 6(/3cot.B-ocot. A). [1] 

Hence, if we suppose the errors a. and jS to be equal, and to have the same sign, the error x wiU 
be when A = B ; that is, there will be no error in calculating the side 6, although the angles A 
and B are not correctly observed. If the errors a and p are equal, but have different signs, this 
«)quation becomes a? = 6 o (cot. A + cot. B). 

cos. A COS. B (sin. A + B) 

Now, cot. A -f- cot. B = -: r- + -: 5 = -; . — ; — ^ • 

* sm. A sm. B sm. A sm. B 

Also, 

2 sin. A sin. B = oos. (A — B) — cos. (A -f- B) = cos. (A — B) + oos. C, and sin. (A + B) = dxuO, 

XI. i. . 2sin.O -rt- 

therefore a: = 6 a 7-7 -^^--: 7; » , [2] 

COS. (A — B) 4- COS. O ' ^ "* 

an expression which is evidently the least possible when A =s B. 

Since the same reasoning is applicable to the third side c, it follows that the most advantageous 
conditions of a triangle aro that its sides should be as nearly equal as possible. But, as it is frequently 
impossible to fulfil these conditions, surveyors are in general satisfied with rejecting all triangles 
which have an angle less than 30^. 

If the angles aro accurately known, but there is an error in the side o, it is evident that the 
errors in the sides b and c will be proportional to their lengths ; for the angles being constant the 
triangles will be similar. Hence it is of the utm<»t importance to measuro the base line oorreotiy, 
for any error in this line, which is necessarily very short compared with the extoit of the countrf 
to be surveyed, will be continued through the whole chain or triangles, and magnified in propor* 
tion to the length of the sides. 

Description of Signals. — All the stations should be situated in the most elevated part of the 
country, so as to be seen from each other without difficulty. In many caBes the 'theodolite has to 
be elevated to the top of some tower, churoh-steeple, or other building, and fiagstaffs placed over 
the instruments. These can be moro easily distinguished when their figures are seen in the sky, 
than when they aro projected on the earth or on trees. For moro distant stations, Bengal or white 
lights wero at first used by Gfeneral Roy. Afterwards the reflection of the sun from a plane mirror, 
as recommended by Gauss, v^as employed by Oolonel Colby and Captain Kater, in verifying that 
part of General Hoy's triangulation which connected the meridians of Greenwich and Paris. 
Drummond lights were used as night signats at some of the stations in Ireland and the west of Scot> 
land ; but the practice of observing by night has lately been abandoned, in consequence of the 
unsteadiness of the light and the quantity of vapour in the atmosphero. Signals in the English 
survey wero sometimes formed by building a temporary shed in the form of the frustum of a cone, 
over the point which marks the centre of the station. When the distances aro not very great a 
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plate of metal is sometimes used, with a narrow vertical slit cut in it ; in which oase the line of 
light passing through it may be seen yery distinctly. 

In elevating a signal for the purposes of observation, it is necessary that it should be sufficiently 
high to be easily distinguished from the surrounding objects. From the experience of the French 
surveyors, they state that the angle of elevation should be at least 31" ; and as tan. 31"= 0' 00015, 
it follows that the height of the signal must be equal to 0' 000 15 x distance. In practice, there- 
fore, the French usually made the height of the signal equal to a seven thousandth part of the 
distance from whence it was to be observed, and the base of the signal equal to half its height. 
Hence if the distance be 20 miles, a distance not unusual in the trigonometrical survey, the signal 
ahould be at least 15 ft. in height. 

Of all the operations in which the surveyor is engaged, that which appears the most simple, but 
which is by far the most difficult, is the measurement of a base line. Since this line is seldom more 
than six or seven miles in length, and any error in its measurement is multiplied in the other 
parts of the survey in proportion to their linear dimensions, it is obvious that, in a tract of country 
300 miles long, the error in this length would be fifty times the error in the base line. Every 
precaution, therefore, has been taken which art or ingenuity could devise to ensure the greatest 
accuracy in this most important operation. 

The first thing to be done is to select a level piece of ground, from five to seven or eight miles 
in length, which shall be free from local obstructions, and commodiously situated with respect to 
surrounding objects. It is also desirable that it should not be far distant from an observatory, so 
that the whole chain of triangles may be connected with a fixed station, where astronomical obser- 
vations are made with the utmost care and precision. 

After the ground has been selected, a line is drawn in the same vertical plane, by means of a 
transit telescope, and marked out by pickets, the tops of which are brought exactly, into the same 
level. The tiact which is to be measured is then cleared of all obstruction^ and made tolerably 
smooth ; and the extremities of the base are permanently fixed by dots marked on cannon, or on 
massive blocks of stone. 

Deal Boda, — In the commencement of the English survey. General Boy made use of deal rods, 
20 ft. 3 in. long, about 2 in. deep, and 1} in. broad, on which lengths of 20 ft. were laid off by 
Bamsden. They were constructed in such a manner that they might be used either by butting the 
end of one rod against the end of another, or by bringing fine transverse lines, inlaid into the upper 
surface at the distance of 1} in. from each extremity, into exact coincidcfnce ; but the methoi of 
ooincidences was attended with so much inconvenience and loss of time, that General Boy was 
compelled to abandon it, and to proceed solely by the method of contacts. Notwithstanding all 
the care, however, that was taken to select rods of the best materials, they were found liable to 
such irregular and sudden variations of length, from the moisture of the atmosphere, that they 
were entirely abandoned, after the first base on Hounslow Heath had been completed. The error 
in this measurement was found to be about 21 in. 

Glass Rods, — When it was discovered that the deal rods would not prove satisfactory, it was 
proposed that glass rods should be substituted in their place. Tubes were used rather than solid 
rods, as it was found that a sufficient quantity of melted glass could not be taken on the irons 
which were used at the glass-house for drawing the rods. Three hollow tubes were, therefore, 
selected, and converted by Bionsden into measuring rods. They were then placed in cases, to 
which they were made fast in the middle, and also braced at two other points ; the whole together 
serving as. stays to keep the tubes in their true places from shaking, Dut not binding them too 
closely. The ends were ground perfectly smooth, and at right angles to the axis of the bore ; one 
end hietving a fixed apparatus, or metal button, attached to it, for making the contacts, and the 
other end a movable apparatus or slider, which was pressed outwards by a slender spring. The 
fixed extremity of the succeeding rod was pushed agamst this spring until a fine line on the slider 
was brought into exact coincidence with another fine line on the glass rod, in which state the 
distance between the extremities was exactly 20 ft. 

Steel Chains,— The third method of measuring a base line, by the English surveyors, was with 

a steel chain made by Bamsden. This chain was 100 ft. in length, and contained 40 links of 

2} ft. each. A transverse section of these links was a square, each of whose sides was } an inch. 

In using the chain five coffers were arranged in a straight line, and supported either by trestles or 

courses of bricks ; the chain was placed on the coffers and stretched with a constant weight of 

56 lbs. The ends were brought over the same point in this manner ; — At the extremity of the 

chain, but unconnected with it, -and on a separate post, was placed a scale. When the chain was 

in any position, the scale at the preceding end was moved oy means of screws, until one of its 

divisions coincided exactly with the mark on the handle of the chain. This scale remaining in 

its place, the chain was carried forward into its next position, and adjusted, by means of its screw 

apparatus, until the mark in its following end coincided exactly with that divution of the scale 

wmch had been in coincidence with the mark on the preceding end. 

FeeU 

The measurement of the base on Hounslow Heath, made with deal 

rods, reduced to the lowest extremity, was found to be .. .. 27406 '26 

„ with glass tubes 274040843 

„ with steel chain 27404-3155 

The mean of the two last results, or 27404 '2 ft., was assumed as the true length of the base in 
the future calculations. 

Notwithstanding the near agreement of the two last methods of measuring a base line, it has 
been objected to the glass rods ; — 1st. That some error might arise from the ends of the two 
consecutive rods being made to rest on the same trestle, because when the first rod was taken off, 
the face of Uie trestle being pressed by one rod only, would have a tendency to incline a little 
forward, the effects of whiSi would be to shorten the apparent length of the base. 2nd. That 
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Bome error might arise from the carnal deviation of the roda from a straight line in the direction 
of the base. 3rd. That from the manner of supporting the rods on two trestles only, they would be 
liable to bend in the middle. To the steel chain it has also been objected, by Legendre and others, 
that, as the chain is not uniformly supported at every point, some doubt must remain whether it 
is perfectly straight when placed in the coffers, and also that its length is liable to vary from the 
rubbing and wear of the joints. 

Eods of Fhtinum and Brass. — In the French surveys, rods of platinum were used. These were 
two toises, or 12 French feet, in length ; their breadth was about six lines, or half a French inch, 
and their thickness one line. On the surface of the platinum was placed another rod of brass, 
firmly fixed at one end to the rod of platinum, by means of three screws, but entirely free at the 
other end, and throughout its whole length. It was about 6 in. shorter than the rod of platinum ; 
and, from the different expansive powers of the two metals, tho two rods united might be considered 
as a kind of metallic thermometer. Four rods were used in the measurement, three of which were 
always on the ground at the same time ; and, in order to prevent any derangement from bringing the 
ends into contact, a small interval of about i of an inch was left between them, which was measured 
by means of a slider attached to the preceding end of each rod. The slider was then pushed gently 
out, until it came into contact with the following end of the next rod. 

Ookmel Colby*s Method. — The last method adopted, in the surrey of Ireland, is an ingenious 
apparatus made by Troughton, Fig. 3223, which superaedes all other instruments. A B is a bar of 
iron, 10 ft. long, 1) in. deep, and { of an inch 

broad, united to a bar of brass D E, of the same .« 3233. \ 

dimensions, at the distance of 2 in. These bars '. \ 

are firmly riveted together at their centres, but p 
are free to move at the extremities, according to gJ 
their respective expansions. The base D £ is 27 
covered with a non-conducting substance, to make O^ 

the two bars equally susceptible of heat. P D, * ~ 

Q £. are two tongues of steel, attached to the rods 

by aouble conical joints, around which they are caf able of turning and forming a small angle with 
the lines perpendicular to the bars. P and Q are two dots of platinum, so exceedingly minute as 
to be almost invisible to the naked eye. At tho temperature of 60° the bars are exactly of the 
same length, and the tongues P D, Q E, are then perpendicular to the bars ; but if tho tempera- 
ture be increased, the bars will expand in different proportions; thus, if Pad, Q 6c, represent the 
position of the tongues at the temperature of 70°, and the expansion of iron be to that of brass as 
53 to 83, then A a : J>d :: PA : PD :: 53 : 83. 

Hence the situation of the point P, about which the tongue P E revolves, is invariable, 
or at least is sensibly so in practice, for all moderate variations of temperature. The same thing 
is true with respect to the point Q, and consequently the distance P Q remains, in all moderate 
changes of temperature, of the exact length of 10 ft. It is evident, however, that this can only 
be true within certain limits; for, as Pd is no longer equal to PD, the point P will have moved 
to p, nearer to d, making ocf = PD; and the distance of p from PD is evidently equal to 
P D X (tan. D P d — sin. D F (f)* But as the angle D P d is, in practice, always extremely small, 
the difference between its tangent and its sine is altogether insensible. 

In the Irish survey, five or six sets of bars, constructed in this manner, and placed in strong 
deal boxes, supported on trestles, wero laid along the line to be measured, and accuratelv levelled. 
They were placed at a short distance from each other, and the distance between the dots on the 
adjacent steel tongues of two succeeding bars was accurately measm^ed, by means of powerful 
micrometers, constructed so as to form a compensating instrument of tho same nature as the 
measuring bars. It is stated that the greatest possible error of the base, measured on the eastern 
shore of Lough Foyle, cannot exceed 2 in., though the length is very nearly eight miles. 

Tha Ssduction of the Hypothenuses. — As the ground on which the base is measured is seldom 
perfectlv level, the whole distance is divided into a number of 
inclined lines in the same vertical plane. Let A B be one of ^ 
those lines, whose length is /, B C = A, the height of this plane, 




and the inclination of the plane B A G = 9. In the first English q 
surveys, B 0, the height of B above A, was found from levelling, 
and therefore the base A C = V (^ ~~ A')- ^^^ ^^ ^^^^ latter sur- 
veys, as well as in those on the Continent, tne angle was measured, and 3224. 
thereforo the correction A B — AG is equal to / (1 — cos. 6). 

Correction of Tsmperature, — In the English survey, the temperature of 
the rods and chain was found from the mean of a number of thermometers ; 
and the rate of expansion was previously determined by Ramsden. In the 
French survey, the measuring rod itself is the thermometer, and the differ- 
ence of the rates of expansion between the platinum and the brass is care- 
fully ascertained before the survey commences. In either case the correc- 
tion is easily found by a single proportion, or by means of tables constructed 
for the purpose. 

Reduction to the Level of the £iea.— Let A B, Fig. 3224, be the are which 
has been measured, as described above, and corrected on account of tempe- 
rature and the inclinations of the hypothenuses. This arc may be supposed 
to be taken at a mean between the heights of the two extreme points. Let 
a 6 be a concentric aro at the level of the sea, and G a the radius of the earth. Put Ca = r, AasA, 
AB = L, a6 = /, wehavethenCA : Ga :: AB : a6; 

.-. / = L-^ = (l-*+^;-&c.)=L-?^, [3] 

r + Av r r* / r 
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nearly. In order, therefore, to reduce the base to the level of the sea, we must subtract tlie 

correction — from the length. 

We will now giye^ as au example, the final result of the measurement of the first base, with 
glass rods, on Hounslow Heath. (Trig. Survey, vol. i., p. 87.) 

Feet 
Hypothenusal length of the base as measured by 1369 '925521 glass 

rods, of 20 ft. each + 4-81 ft 27402-8204 

Beduction of the hypothenuses, to be subtracted —0*0714 

Add the difference between the expansion of the glass above, and 

the contraction of it below, 62^ +0*3489 

Add also for GP difibrenoe of temperature of the standard brass 

scale and the glass rods +0*9864 



Length of the base, in temperature 62^ 27404*0843 

Beduction from the height of the lower end of the base above the 

mean level of the sea, supposed to be 54 ft —0*0706 



True length of the base, reduced to the mean level of the sea 



27404 0137 



3225. 
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The Mecaurement and deduction of the Angles, — ^In all the surveys made in the British dominions, 
the instrument for measuring angles has been a large theodolite, rendered as perfect as the 
ingenuity of English artists could make it. This instrument may be defined to be an altitude 
and azimuth instrument, or an instrument for measuring vertical and horizontal angles. The 
horizontal circle was 3 ft. in diameter, and angles could be measured with it to the fractional part 
of a second. 

The instrument used by the French and Swedish surveyors was the repeating, circle of Borda. 
The principle of the circle of repetition is to take the angle several times successively in continua- 
tion on the circle, and then divide the whole arc by the number of observations. 

Let A B D, Fig. 3225, be a circle graduated entirely round the circumference from right to left 
on the upper side only of the instrument A a, B 6, are two telescopes, the one on the upper and 
the other on the under side of the instrument ; these 
telescopes can either be moved independently or they 
may be clamped and moved altogether with the circle. 
Let P and Q be two objects whose ang^ular distance is 
to be measured ; and let the instrument by means of a 
stand be brought into the plane PCQ. Place the 
upper telescope A a at zero, and direct it to the object 
P ; also direct the under telescope B 6 to the object Q. 
The two telescopes are then damped, and the entire 
instrument is turned in its plane until B 6 be pointed 
to P. A a will now be in the position D </, making the 
angle aCd equal to a 6 ; unclamp it and turn it back 
to Q, while the circle itself remains fixed ; it is evident 
that A a has moved through an angle cfC 6, equal to twice 
the required angle PCQ. The whole circle must now 
be turned again until A a points to P, then will B 6 be 
in the position Dd; turn B 6 again through the augle 
dCbio Q and clamp it. As the under-side of the circle 
is not graduated, the angular distance of 6 from zero 
cannot oe measured. Now move the whole circle until 
B 6 points to P, and turn A a again until it points to Q; the telescope A a will have been turned 
through four times the arc a b ; and by repeating the process the arc can be multiplied any even 
number of times. It will readily be seen that the circle must always be turned to the right through 
the arc 6 a, and the two telescopes alternately to the left through db, or twice the arc a 6. 

The advantages of this method are obvious. The errors of graduation may be diminished to any 
degree, and the errors of observation tend to destroy each other. The two circles which Delambre 
used were 0"*21 and O^'IS, or about 7 in. in diameter; and although the instruments were only 
graduated to minutes, yet by successively repeating the angle ten, twelve, or even as far as twenty 
times, he imagined that he could determine the angle within a second. 

Various opinions have been entertained with respect to the relative merits of the theodolite 
and the repeating circle. The French have imagined that they could attain any degree of accuracy 
with the circle, and that all errors of division and errors of 
observation might be entirely annihilated by repetition. 

When the angles arp measured with a theodolite, no cor- 
rection is requited on account of the different altitudes of 
the signals, as it is the horizontal angle which is observed 
with the instrument; but when the sextant or repeating 
circle is employed, the oblique angles are observed, and these 
must be reduced to the plane of ue horizon. 

To reduce the oblique cmglea to the plane of the horizon. — 
Let O. Fig. 3226, be the phice of the observer, M ON the 

angle observed between two signals M, N; Mm. N»t, two ^ 

vertical lines meeting the horizontal plane m O n in the points m^n. Let O Z be a vertical line 
passing through O, and with the centre O and radius 1 conceive a sphere to be described, nnd let 
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the planeeZOBl, Z O N, M O N, out thia sphei-e in the great circles A, G B, A B. The angle 
observed with the repeating circle is the oblique angle M O N, which is measured by the arc A B, 
but the required angle is m O n, which is equal to the spherical angle 0. The angles M O m, N O «, 
are known from observation, and therefore the complements of these angles, or the arcs G A, G B, 
are known. We have then, in the triangle GAB, the three sides A, G B, A B, given to find the 

Let h. h\ be the altitudes of the two signals M and N. B the angle between them ; also, let the 
horizontal angle = O + x; then GA = 9(P-A, GB = 90°-A', AB = «, angle G = « + x. By 

COS. A B — cos. G A cos. G B , ,^ , . cos. — sin. A sin. A' 
Trig.,co8.0= ,to.OABii..CB orco8.(» + x)= ^.^^oa-V 

Now, in practice, A, A', are very small, and e + x is nearly equal to «, therefore x also is very 
small. Hence coa, (0 + x) = cob. e cob. x ^ sin. « sin. ar = cos. e — x sin. e, nearly. 

Also, cos. A COS. A' = (l-iA« + &c.)(l-JA'» + &c.)=l -»(*' + *'') + Ac. 

. ^ = I = 1 + |(A' + A'*X nearly, and sin. A sin. A' = A A', 

• cos. A COS. A' l-J(A« + A'«) + &o. t i v -r 

nearly. Substituting these values above, we have 

cos.0-x8in. e = (cos.«-AA') {1 +J(A» + A'«)}. 

(A + A*)! - (A - hy (A + hy + (A - hy 

Hence xsin e = AV-K^ + ^'')ooe. e = ^ 4 -p ^cos.^; 

(A + A7 1-CO8.0 (A — A7 1+ooe.e , ,. . .^, . .. ,,. .,., . .. 

.-. ar = T^ — r—z ^ . ^ — : — -— = } (A + A")* tan. i « - J (A - A')« cot. J 6. 

4 sm. B 4 sm. B 

Here x is measured in parts of the radius; if it be measured in seconds we have x = x" sin. 1"; 
therefore 

., (h + hy tan.Jfl (A - Ay cot, jg r.. 

4 sin. 1" 4 sin. 1" 

JSTxampfo.— Let B = 51° 9' 29"-774, A = 1° 32* 45", A' = 1° T 10", then J (* + A') = 4797"-5, 
J(A-A0 = 767"-5. 



2 1og. J(A + *') 7-862030 

tan. }0 9-680038 

ar. CO. log. sin. 1" 4*685575 

53"-413 1-727643 



21og. i(A-A') 5-770156 

cot. ie 0-319962 

ar. CO. log. sin. 1" 4-685575 

.5"-966 0-775693 



Observed angle 51 9 29*744 

+ 53-413 
- 5-966 



Angle reduced to the horizon .. .. 5110 17 '191 

It sometimes happens, when the steeple of a church or other remarkable object is selected as a 
signal, that the theodolite cannot be placed immediately over the point occupied by the axis of the 
signaL In this case the instrument must be removed to some convenient place 
near it, and a reduction is then applied to the observed angle in order to oDtain ^ ^^^* 
the true angle at the centre. 

It is required to determine the reduction to the centre. — ^Let A, Fig. 3227, be 
the situation of the axis of the signal observed from the stations B and G, O the 
place of the centre of the instrument. Put A, B, G, for the angles of the triangle 
A B G, and a, 6, c, for the sides, respectively oroosite to them. Let A O = m, 
angle AOB = iS, angle AOG = 7, angle BOO = O; also, angle ABO = x, 
A G O = y. Now, angle A=B DG — x = — x + y; also, sin. x I sin. fillmlc; 

. . .... »» sio- 3 . •» sin. y ^ ^ , ^ 

Bin. y : sm. y i: m I b; /. sm. x = , sm. y = — r — -, But smce O 

c 

is always near the station A, the angles x and y are very small, and therefore 

sin. X = X = «" sin. 1", sin. y = y = y" sin. 1", very nearly. Hence 

A = 0-'!^. + '^^,. [5] 

c sm. 1 6 sm. 1 

When all the angles have been observed and reduced to the plane of the horizon, if the triangle 
were a plane one, their sum ought to be equal to 180°, and thus the correctness of the observations 
might be verified. But in a spherical triangle the sum of the three angles exceeds 180^ by a certain 
quantity, called the spherical excess ; and as this can be easily calculated, we have the same means 
of verifying the operation in Spherical as in Plane Trigonometry. 

It is required to determine the spherical excess in a small triangle measured on the surface of the 
earth. — Let A, B, G, be the three angles of a spherical triangle, r the radius of the sphere expressed 
in feet, x the area of the triangle in square feet, and c the spnerioal excess given in seconds ; we 
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have then xl »r« :: A + B + C-180°(= t") : 180 x 60 x 60 seoondB ; 



c = 



irr* 



X X 648000" 
iB equal to 



and, if we suppoee the mean value of r to be 20,888,761 ft., the logarithm of 

9*S2540. The value of x mav be calculated as if the triangle were a plane one, without any sen- 
sible error. Hence we have the following 

J?u^.— From the logarithm of the area of the triangle, taken as a plane one in feet, subtract the 
constant logarithm 9*32540, the remainder will be the logarithm of the spherical excess in seconds, 
nearlv. 

When the triangles are very large, a more correct value of r will be obtained by computing for 
the mean latitude of the three stations, the radius of curvature of the meridian, and of the arc per- 
pendicular to the meridian, and taking the mean of the two for the value of r. 

The following example is taken from the Encycloptedia Britaunica. The triangle connects the j 
west of Scotlana with Ireland, and is one of the largest which ooonrs in the Trigonometrical 
Survey. t 

The three stations are Benlomond, in Stirlingshire (AX Oaimsmuir-on-Deugh, in Kirkcud- 
bright (BX and Knooklayd, in the county of Antrim (G); the arc c is 852037*62 ft., and the anglee 
are as follows ; — 

B 



Les 



56 43 29*97 
27-04 
28*72 

Mean .. 56 43 28*58 



79 42 28*69 



43 34 38*36 
85*43 



43 34 86*89 



We shall first compute approximate values of the two sides, a, 6 (which will be afterwards 

requiredX from the formulas a = — : — ^r t ^ = ~~^ — tt I ^i^^ ^^^ compete the area from the formula, 
^ ^ sm. sin. C *^ * 

area = i 6 c sin. A. 



log. c = 5*54659 

log. sin. A = 9*92223 

log. coseo. C = 0*16158 

log. a = 5*63040 

a= 426970 



lOg. c = 5*54659 

log. sin. B= 9*99295 

log. oo0ec.C = 0*16158 

log. 6 = 5*70112 

6= 502480 



log. c= 5*54659 

log. 6= 5*70112 

log. sin. A = 9*92223 

ar. CO. log. 2 = 9*69897 

log. area = 10*86891 



The latitude of Benlomond (the most northern station) is 56° 11' ; and that of Knocklayd (the 
most southern) is 55P 10' ; the mean of the two is 55° 40'. The values of the radii of curvature are 
therefore r = 20924824 ft., r' = 20968900 ft., mean = 20946862 ft. 

, 180 X 60 X 60 _ _,^_ 
log. = 5*31443 

log. r* = 14*64224 

9*3*2781 
log. area = 10*86891 

f = 34"*76 .. .. 1*54110 

The ram of the three angles of the triangle being found horn observation = 180^ 0* 34"- 16, and 
the true spherical excess bemg 34"* 76, it appears that the errors of observation in the three angles 
are = — 0"*60. If there were no reason to suppose that one angle has been determined more 
accurately than another, the error should be equally divided among the three angles , but as it 
generally happens that some of the angles have been determined from a greater number of obser- 
vations, or from observations made under more favourable circumstances than the others, this error 
should be distributed among the three angles in such a manner that the respective corrections may 
be inversely proportional to the relative goodness of the observations. For this purpose we bave 
the following rule, given by Gauss, but which our limits will not permit us to demonstrate in this 
work. 

To apportion the error among the different angles.— Bule.— Lei /, /*, V\ &c., be the seconds of reading 
in any angle A, n the number of obs^vations, and let m be the mean or average of the whole : then 
m^l^m^F^m- /", fto., are the errors of the individual observations, and the wetght of the deter- 
mination, or of the average m, will be given from this equation, 



x = 



*«• 



[6] 



(TO - /)» + (m - O* + (m - /")« + Ac. 

In like mamier, the weights y and z are found for the angles B and O. This error in the sum of 

111 
the three angles is then divided into three parts, proportional to - » - * - » which are to be 

added respectively to the three angles A, B, and G 
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To apply this to the last example, we have for the angle A, / = 29"-97, /' = 27"*04k 
/" = 28"-72- therefore n = 3, m = ^(/+r + = 28"-58. Hence 

l_ (l'39y + (154)' + (014y ^ .gg^ 
X } X 9 

The angle B was given from one observation only. We may, therefore, assume the weight y = ' 1, 
and - = 10. 

y 

At the reciprocal of the weight i = (^l ^-^O^'^^ - 2-146. 

Hence the error — 0"* 60 is to be divided into three parts proportional to the numbers *961, 10, 
2*416; and consequently the corrections of the angles are, respectively, +0"'04, 4-0"'46, and 
+ 0"*10. The true spherical angles, therefore, are 

A = 56° 63' 28"-62; B = 79° 42' 29"-15 ; = 43° 44' 36''-99. 

The Calculatum of the Sides of the Triangles. — The three splierical angles of the triangle being 
thus determined from observation, and corrected, and one of the sides TOing always known, either 
from actual measurement or calculation, it is necessary to show how the two other sides may be 
determined. The triangle may be considered as a spherical triangle, whose sides are yery small, 
compared with the radius of the sphere ; in which case three different methods have been employed 
for its solution ; — 1st. I*Vom the three given spherical angles, the angles formed by the chords are 
deduced, and from the given side of the triangle the corresponding chord is calculated. With these 
data the other chords are found by Plane Trigonometry, and from thence the arcs themselves. 
2ud. A second method is by the theorem of Legendre, by which the spherical triangle is reduced 
to a plane triangle, whose sides are respectively equal in length to the sides of the triangle of the 
sphere. 8rd. The third method is to compute the sides by Spherical Trigonometry. 

First Method. — To reduce the angle of a spherical triangle to the angle formed by the chords of the 
containing sides, — ^Let a, 6, c, be the sides of the spherical triangle, and r the radius of the sphere, 

all measured in feet ; also, let - = a, ~ = fit- =7* then will a, /3, 7, be the sides of a similar triangle 

r r r 

on a sphere whose radius is 1. Let A be the spherical angle opposite to the side a, and let A » « 

be the oonresponding angle formed by the chords. We have then 

. cos. a — COS. /B COS. 7 

COS. A = ; —: 

sin. fi sm. 7 

(1 -2 sin.« i a)-(l -2 sin.* j jB) (1 - 2 sin.« j 7) 
~ 2 sin. ^ fi COS. } iS X 2 sin. } 7 cos. 7 

— »">•' i fi + B">«' i 7 -^ sip-* i « _ Bjn. i fi sin, j 7 
~ 2 sin. } fi sin. J 7 x cos. } /3 cos. } 7 ~ cos. j^ /3 cos. ^ 7 " 

Also, because chord a = 2 sin. i a, chord /3 = &c., we have, in the triangle formed by the chords, 

chord* fi + chord' 7 — chord* a _ sin.' j fi-\- sin.* jy — sin.* ) a 
* ^ " / "" 2 chord /3 chord 7 "" 2 sin. i fi sin. i 7 " 

BubstitutiDg this in the preceding equation, we get 

. _ COS. (A — x) sin. J $ sin. } 7 
~~ COS. i fi COS. ^ 7 COS. ^ $ COS. i 7 

.'. ooa (A — a?) = sin. } $ sin. } 7 + cos. i fi cos. ^ 7 cos. A. [7] 

This expression is exact. But, because the three arcs, a, /3, 7, are very small, A — j; is nearly 
equal to A, and therefore x is also very small. Hence 

008. (A — d?) = cos. A COS. X 4- sin. x sin. A = cos. A + x sin. A, nearly. 

Also, sin. i /3 = } iS, oos. } a = 1 — I /3*, sin. } 7 = &o., very nearly. Hence, substituting these 
values in equation [7], and reducing, we obtain 

a? sin. A = i a 7 — ^ (/3* + 7*) COS. A 

_ (/3 + 7)'-0-7y (i3 + 7y + (/B-7)' . 

16 16 ' ^' ^ ' 

... ^^ ifi+yy^-coB.A. (/3-7y r+oo6.A 

16 sin. A 16 sin. A 



= (^'yt«n.JA-(^^)'cot.JA: 
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or, if j; be estimated in seoondB, 

," - {t±^\ tan.^A _ /6--CY oot. | A . 

Having obtained the three reduced angles, we find the chords of the spnerioal aics intercepted 
between the stations, from Plane Trigonometry, and from them we deduce the arcs themselves, by 
means of the following formula ; — 

a . . , l(sin. Ja)» . 1 . 3 (sin. i a)* . ^ 
2 = ""^*-+ 2— 3 +2-4 — 5— + *«- 

and because chord a = 2 sin. ) a, and a is verv small, if we neglect the terms after the second, 

J ,^ , , „ . t J . (chord of . a chord a . (chord a)» 

and multiply by 2, we get a = chord a H jr; : hence - = + ^. , : 

' 2* r r24r' 

, , . (chord a)» 
.-. a = chord a + i^-gj-j-^ . [9] 

Excanple, — As an example of this method of solution, we will take the following ; — 



log. r« 14-64224 

16 sin.!" 5-88969 



0-53193 



(1) 9-46807 

(6 + c)« 11-86342 

tan. A 9-73235 



ll"-583 1-06384 



(1) 9-46807 

(6-c)* 10-35468 

cot. J A 0-26765 



r-231 0-09040 



+ 11-583 
- 1-231 



x= 10-352 



In the same manner, the corrections for the angles B and G will be found to be 14"* 684 and 
9" -724 respectively. Hence the three angles formea by the chords are 

A' = 56° 43' 18"-27, B' = 79° 42' 14"-47, = 43° 34' 2r'-26, 

and the sum of these = 180°, as it should be. 

The chord c having been previously found equal to 352033-48 ft., we are enabled to find the 
lengths of the chords opposite A' and B' from the proportions 

sin. C : sin. A' : : chord c I chord a ; sin. C : sin. B' : : chord c : chord 6. 



oosec. Cr 0-1615956 

sin. A' 9-9222144 

chord c 5-5465840 



chorda 5*6303940 



01615956 

sin. B' 9-9929499 

• • .• .• •• O- O^OOOYv 



chord 6 57011295 



Hence chord a = 426966 -69 ft., chord 6 = 352033 -48 ft. 

We have now to determine the lengths of the arcs a and 6 from the ccrresponding diozds, horn 
formula [9]. Mfddng use of the logarithms already given in the preceding solution, we readily find 

(chord gy _ ,.on (oho'^ ^y _ .n.Qs (ohoidcy_ 

and therefore the lengths of the arcs are a = 426974-08, 6 = 502504-51, c = 852037'62. 

Second Method. — Legmdr^s Theorem. — If the three aides of a plane triangle be equal to the three eidee 
of a small spherical tHangle, respectively^ the difference between each of the angles of the plane triangle, 
and the corresponding angle of the spherical triangle, toill be equal to one^third of the spherical excess, — 
As before, let a, 6, c, be the three sides of the small spherical triangle, measured in feet, r the 

radius of the sphere, and -s:a,- = 0, - =7. Also, let A be the spherical angle opposite to the 

r r r 

side a, and A' the corresponding angle in a plane triangle, whose sides are a, 6, c. ^We have then, 

, . . cos. a — 008, 3 COS. 7 

as before, cos. A = . — - -. • 

sm. $ sm. 7 

If we now expand each of the quantities cos. a, cos. $, sin. /9, &o., in a series, and arrange the 

terms according to the powers of a, &, 7, we shall find that the terms of the first order will be the 

same as if the triangle were rectilineal, and those of the second order will contain the fourth powers 

of the arc in the numerator, and the second powers in the denominator. Neglecting, therefore, 
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all powers higher tlmu the fourth, we have cos. a = 1 — } >* + ^ a^, sin« /S = iS — ^ $*f 
008. /3 = &o. 

Substituting these values in the preceding equation, it becomes 

COS. A ——-^—- 

And because - — , = 1 + i (iS* 4- 7*) + Vir (i^* + 7*)* + &c., if we substitute this above, 

and ueglect all terms containing powers higher than the fourth, we get 

^ + ^«-a« . o< + i3* + y<-2a*/5»-2a»7'-2i8V 
cos. A = ■ - - + ^_^^^— _^ — - 

37 24/37 

__6« + c -^ q«-|.&44-c<-2a«o«-2o«c«~2yo« 
~ Yftc ^ 246c xr» 

But ^* + <^ - ^* = COS. A' also 2a»&2 + 2a« c« + 2 6«c«- a* - M - c* = (4 area)* = 16 S«; 

2oc '^ 

2 8' 

.'. COS. A = cos. A' — ^r-i i • [^^] 

36c X r» 

Let A = A' + jf, then x is evidently a very small a'ngle, consequently 

COS. A = COS. A' COS. X — sin. x sin. A' = cos. A' — x sin. A', nearly. 

Comparing this value of cos. A with equation [10], we liave 

2S« S 



X = 



8r»x6c8in. A' 3r« 



Hence A' = A--^,. [11] 

3 r* 

In like manner, B' = B-^,, <^' = 0-^; 

A' + B' + C = 180° = A + B + C-^. 

Hence — is the ezooss of the three angles of the spherical triangle above two right angles, and each 

of tlie angles A, B^ C, exceeds the corresponding angle of the plane triangle by one-third of this 
spherical excess. 

Example, — Taking the same example as before, we find the spherical excess = 34" '76, and one- 
third of this excess = ll"-59. Hence A' = 5eP 43' 17"-04, B' = 79° 42' 17"-56, C'=43° 84' 25"-40. 
With these angles, and the given side c = 352037 '62 ft., we then compute the other sides, a, 6, by 
Plane Trigonometry, sin. C : sin. A' : : c : a, and sin. C' : sin. B' : : c :*6. 



oosec. G 0'1615997 

Bin. A' 9'9222127 

c 5-5465891 



01615997 

8in.B' 9-9929511 

5-5465891 



5-7011399 



a 5-6304015 

Hence a = 426974 ' 06 ft., 6 = 502504 • 42 ft. 

Third Method, — To compute the sides by Spherical Trigonometry, — By Trig., 

sin. G : sin. A : : sin. c : sin. a. [a] 

And since c and a are very small, compared with the radius of the sphere, 

sin. c c c^ , ■ , /, c* \ 

..- = ;- 6H . nearly, /. sin. c = c^l - — j 

(c* \ M 

1 - oJi) = log- <? - g-;j c«, [12] 

nearly, these logarithms being taken from the common tables, and M being the modulus of tho 
system. Having found log. sin. c from this expression, we get log. sin. a from proportion [a]. We 
then obtain a from the equation 

log. a = log. sin. a + — -_ a« = log. sin. a -f- —- , sin.* a. [13] 

or* or*- 
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Exantfie. — ^To apply thiB to the last example, 

log. r« 14*64224 

iM 8*85963 

(1) 4*21739 

c* 11*09318 

*0000204 .. .. 5*81057 

sin. a 5*68037 

5*63037 
(1) 4*21739 



0000301 



• • • I 



5*47813 



log.c 5*5465891 

•0000204 

Bin. c 5*0465687 

sin. A 9*9222287 

cosecO .. .. 0*1615740 

sin. a 5*6303714 

* 0000301 

a 5*6804015 



As the logarithm of a is exactly the same as that which we obtained by Legendxe's method, the 
arc itself will also be the same as before. 

The logarithm of the side 6 is found in the same manner = 5*7011398, which only differs from 
the former logarithm by a unit in the last place of decimals. 

In comparing these three methods together, Legendre's certainly appears to be the most simple, 
and the first method perhaps the most difficult. They are all, however, rendered considerably more 
easy in practice by means of auxiliary tables, previoiisly calculated. The third method also has an 
advantage over the two others, in thiB respect, that if any of the angles (A for example) be one of 
the angles in another triangle, as in calculating the latitudes and azimuths, no further correction 
will be necessary ; whereas, in the first and second methods, a new reduction must be made in 
order to obtain the angles for calculation. The whole may be brought under one view in the fol- 
lowing Table ; — 



StatioDfl. 


Obserred Angles. 


Apportion- 
ment of Error. 


Spherical 
Angles. 


Chord 
Anglefl. 


Mean 
Angles. 


Opposite 
Qionta. 


Opposite 
Arcs. 


A 
B 



o 9 n 

56 43 28*58 
79 42 28*69 
43 34 86*89 


+ 004 
+ 0*46 
+ 0*10 


n 

28*62 
29*15 
36-99 


n 

18*27 
14*47 
27*26 


m 

17*04 
17*56 
25*40 


426966*69 
502492*46 
852083*48 


426974*08 
502504*51 
852037*62 


• 


180 34*16 


0*60 


34*76 


0*00 


0*00 





Ckiicvilaivon of the Latitudes, Longitudes, and Aximuths, — ^When all the sides of the principal 
triangles have been found, by one of the methods described in the preceding articles, we proceed 
to determine the latitudes and longitudes of the different stations, and the incli- 
nations which the sides of the triangles mi^e with the meridian. For this pur- 
pose it is necessary that the latitude of one of the stations and the azimuUi of 




one of the sides should be found independently, by astronomical means ; and 
from them we may determine the longitudes and latitudes of all the other sta- 
tions, and the azimuths of the sides of the triangles. We shall first suppose the 
earth to be a sphere, and afterwards correct the error arising from tJus hypo- 
thesis. 

Gif>en the latitude of a station A, the distance of A from (mother station B, and also 
the azimuth ofBas seen from A, to determine the latitude of B, the earth being con- 
sidered as a sphere^^lLet P, Fig. 3228, be the pole of the earth, P A, P B, the meri- 
dians of the stations A and B. Let the angle P A B = A, PBA = B, arc PA = 
90^ — /, PB = 90° — r, and / W = X; also, let the arc A B measured infeet=D, 
and in parts of the radius = 8 ; and let the radius of the earth measured in feet 
= r. We have then, from Spherical Trigonometry, cos. P B = cos. P A oos. A B + 
sin. PA sin. ABcos. A, or 

sin. r = sin. t cos 8 + cos. / sin. 8 cos. A. 

But sin. r = sin. (/ — x) = sin. / cos. X - oos. / sin. x = sin. / (1 — J X*) — X cos. /. 

Also, cos. 8 = - } 8*, sin. 8 = 8, neglecting all the powers of 8 and X higher than the 
second. 

Making these substitutions in equation [a], we have 

sin. / (1 — i X*) - X 008. / = sin. / (I — } 8S) - 8 oos. / oos. A 
.-. x = 8ooe. A + 4(8•-^•)*»»'• 
For a first approximation, we may neglect the second powers of 8 and x, and assume x = 5 cos. A, 
which is the same thing as if we supposed the meridians at A and B to be parallel Substituting 
this first value of X in tne second member of the last equation, we obtain 

X = 5 cos. A + } 8* sin.* A tan. /. 
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Here A and 8 are measured in parte of the radius. K K" be the number of seoonda in X, then 
A r= \" sin. 1" ; also 9 = — . Making these substitutions, the last equation becomes 



H 



\"=Z 



Dco6.A . D* sin.« A tan. / 



r sin. 1 



77 + 



2 H sin. 1" 



[14] 



To determine the same when the spheroidal figwre of the earth is taken into consideration. — Let P A, 
PB, Fie. 8229, be the meridians of A and B, the earth being considered as a spheroid; let 
A M, B N, be the normals to the surface meeting the polar axis 
in M and N ; join B M. Suppose Ap B to be the surface of a 
sphere whose centre is M, and radius M A. Then, because the 
arc A B is very small, and A M is a normal to the spheroid, it is 
nearly equal to the radius of currature at A, tnerefore the 
surface of the sphere will very nearly pass through B, and the 
difference between the arc A B on the sphere and on the sphe- 
roid will be altogether insensible. The spherical triangle pAB 
may be considered as that whose solution we have just given, 
and on this supposition BMp = 90° — Z' is the colatitude of B. 
But the true ooUititude of B is the angle ByP = 90°-L, 
which is greater than BMP by the angle MBN. Let / — /' = A, 
/' — L = llBN = ^; we have then, in the triangle B M N, 

MN . „„-- OM-ON _ 
sm. ^ = ^^ sm. B N M = — =^^| — cos. L ; 

but OM = A M . «« sin. /, ON = BN . «• sin. L, therefore 

sin. d> = 




'»•♦='• -K^'^'-iS--^)- 



AM B N 

And since ^rs *^d ^^ differ from unity by a quantity of a very minnte order, we have 

sin. ^ = 0* COS. L (sin. / ~~ sin. L), very nearly. 

Now, sin. L = sin. { / — (A + 0) } = sin. / - (A + ^) cos. /, nearly. Also, sin. ^ = ^, very 
nearly ; therefore ^ = e' (A + ^) cos* L cos. /. Hence, transposing and dividing, 

<?" K cos. L cos. / , , . , 

♦ = 1 - «» cc L coa. t = «*^««- L«»- A nearly: 

.-. ^ = 03 A COS.* If nearly, and A4-^ = A(1+^ ooa.' /). 

Hence, on the spheroid, the difference of latitude 

rDcos. A . D«jin.« A tan. /1 
2 



, ^ rDcos. A , D« sin.« A tan. A 



where r = A M, the normal to the surface at the station A. 

The same thinge being given^ to find the difference of longitude, — The difference of longitude on 
the sphere is the angle A jp B, which is equal to A P B, the difference of longitude on the spheroid. 
We have then, by Spherical Trigonometry, sin. Bp : sin. A : : sin. 8 : sin. p \l I \ p But 
ain. B/) = cos. t = cos. L^ very nearly, 8 = D + r,/) = P = P" sin. 1", therefore 



P" = 



D sin. A 



r COS. L sin. 1" * 



[16] 



To find the azimuth of A as seen from B.— In the spherical triangle Ap B we have, from Napier's 
analogies, cos. } (P B + 1> A) : cos. } (Bp — p A) : : cot. Jp : tan. J (A + B). 

Now, * (P B + P A) = H90° - O + H90° - = 90^ - J (' + a * (P B - p A) = J (/ - O, 
J (A + B) = 90° - 1 (180 -A-B). 

Making these substitutions, this proportion becomes 

sin. 1 a + O : 008. 1 (' - O - cot- iP : cot. } (180° -A-B) 

:: tan. J (180° - A - B) : tan Jp. 

And because the distance A B is always very small, compared with the radius of the earth, A + B 
is nearly equal to 180°, and therefore 180° — A — B is a very small angle. Also, J p or J P is very 
small. We may therefore substitute the arcs for the tangents, and also L for /', without sensible 
error. Hence, forming an equation, we obtain 

sin.J(/ + L) ^j^ 



B = 180° - A - P 



cos. J (/ - L) • 



The angle B, which we have calculated, is the spherical angle p B A, or the angle contained 
between the planes M B o MBA; but the true azimuth is the spheroidal angle contaSuaed between 
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the planes NBP, NBA; the difference, however, between these angles has been proved by 
Delambre to be bo small as not to be sensible in practice. 

In the trigonometrical survey the angles are measured either from the north or south to the 
east or west ; but in the " base du syst^me metrique," the angles are measured from tiie south 
towards the west, entirely round the circle. 

lb determine the azimtUh of one of the signale independently from astronomical observations. — The 
general principle of the method is this. The error of a dock or chronometer is found either by 
means of a transit instrument, or by observations of equal altitudes, or by single altitudes, if the 
latitude of the place be well known. The observer then takes the angle (6) between the signal and 
the sun, or a star, when near the horizon, and notes the time when- the observation was made. 
The azimuth of the heavenly body is also calculated for this time ; the latitude and declination 
being known. Then the siun or difference of the angle and the azimuth of the heavenly body 
will give the azimuth of the signal required. The refraction will scarcely affect the result, but a 
small error in the time would produce a considerable error in the azimuth. 

The method adopted in the trigonometrical survey was to take the mean of the two angles 
observed with the theodolite, between a flagstaff and the pole star at its greatest elongation east and 
west. But, from the great adtitude of the pole star in our latitudes, any error in the adjustment of 
the cross axis of the theodolite to horizontality, would materially affect the resulting azimuth. 

Example, — From the Trigonometrical Survey, vol. ii., p. 88, the distance of Black Down from 
Dunnose = 314397*5 ft., the latitude of Dunnose = 50° 37'^7"'3 N., and azimuth of Black Down, 
as seen from Dunnose = 84° 54' 52" '5 N.W. Required the latitude and longitude of Black Down, 
and the azimuth of Dunnose, as seen from Black Down. 

To find the latitude, — The normal A M, which is equal to r the radius of the curvature at A, 
perpendicular to the meridian, is found = 201)63000, nearly. 



log.r 7-32145 

sin. 1" .. 4-68557 



ar. 00 

D 

COS. A . . 

(1 + «• oos.« 



2-00702 

7-99298 
5-49735 
8-94763 
0-00116 



2r»sin. r 962950 



ar. CO 0-37050 

D* 10-99470 

8in.»A 9-99658 

tan./ •.. 0-08573 

(l + e*cos.«0 •• •• 0-00116 



28"10 1-44867 



274"-87 2-43912 

Hence / - L = x 274"-87 4- 28"-10 = - 4' 6"-77, and L = / + 4' 6"-77 = 50° 41' 14"-07. 



To find the Difference of Longitude, 

ar. CO. log. r sin. 1" .. 7*99298 

D 5-49735 

sin. A 9*99829 

sec. L 019822 



4862" -3 



3-68684 



Hence P = 1° 21' 2">3 ; and since the longi- 
tude of Dunnose was previously found = 
P 11' 36", therefore, the long, of Black 
Down = 2° 32' 38" -3. 



To find the Azimuth, 

sin. H^+L) •• •• 9*88836 
cos. i(L-0 .. .. 0-00000 
P 3-68684 



3760" -12 3-57520 

Hence 
PB A = 180°-A-1°2'40"-12 = 94° 2'27"-38. 
The observed angle P B A was 94° 2' 22" • 75. 



3230. 



In the survey, the value of P is found to be.P 20' 46"'4. The difference, 15"-9, arises from 
an erroneous assumption in the length of the perpendicular degree, which gives all the longitudes 
on the southern coast of England too small. 

Heights of the Stations, and Terrestrial Refraction, — To find the 
altitude of the station B above the station A, — Let C, Fig. 3230, be 
the centre of the earth, supposed to be a sphere, and A and B two 
stations on its surface. Draw AD, B D, perpendicular to the 
radii G A, C B, respectively, in the plane CAB; and suppose a 
and & to be the apparent places of A and B as seen from each 
other, and elevatea by refraction. If the rays of light proceeded 
in straight lines, the angle DAB would be the depression of B 
below the horizon of A, and DBA the depression of A below the 
horizon of B. And because DAG, DBG, are right angles, 
G+D = 180° = DAB + DBA + D, and .. C = D AB+DB A. 
Also, since the distance A B is known, and the radius of the 
earth (sufficiently near for this purpose), the angle G can easily 
be found. 

Let a, i8, be the observed depressions at A and B respectively, 
and p, p', the two refractions, then 

'DAB = a +p, DB A = /B + p\ and (a + p) + (/8 + p') = G; 

.-. mean refraction H/» + p') = HC - o - /3). [18] 

Let £ be the point in C B which is on the same level with A, then G K = C A, and £ B is tho 
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altitude of B above A, which is to be determined. Join A E, then the angle D A £ = 90*^—0 A E = i G, 
therefore the angle 

BAE = ^ = DAE - DAB = } - (a + p); [19] 

and aince the angle B A E is always very small, and B E A very nearly a right angle, 

BE = AEx^ = Dx<^"8in. 1". [20] 

If one of the stations, B for example, is elevated above the horizon of A, jS must be considered 
negative. Also, .each observation must be reduced, previously to the calculation, to the place of 
the axis of the instrument. 

Example. — ^At Allington Knoll the top of the staff on Tenterden steeple was depressed 3' 5" : 
and the axis of the instrument was 51 ft. above the ground : on Tenterden steeple the ground at 
Allington Knoll was depreajsed 3' 85 , and the axis of the instrument was 3*1 ft. below the top of 
the staff. The distance oetween the stations being 61,777 ft., it is required to calculate the mean 
refraction, and also the height of Tenterden steeple above Allington Knoll. (Trig. Survey, vol. i., 
p. 176.) 



The angle which a perpendicular height of 

5*5 ft. subtends at the distance = 61777 ft. is 

5*5 
^,„^„ . — ; — =77 = 18" '4; and in like manner 
61777 + sin. 1" 

the angle which 3*1 ft. subtends is 10"* 4. 

Hence 



Depression of the top of the staff 
Correction due to 3 * 1 ft 

Depression of instrument 

Depression of the ground 
Correction due to 5^ ft 

Depression of instrument 



f If 

8 51 

+ 10-4 


1 1*4 


3 35 

- 18*4 



8 16*6 



Length of perpendicular degree at Tenterden 
(vol. i., p. 168) = 61185 fathoms. 



Fatbcms. Fc«t q 

61185 : 61777 :: 1 



/ II 

10 6 



a 



i II 
4 1*4 
3 16*6 



+ 3 7 180 

C 10 6 



pxp' 2 48 



Mean refraction 124 



ice ^" = J C - (a + mean refr.) = 22"-4, and * = D x 4>" sin. 1" = 6*7 ft 

vertical height of the axis at Allington Knoll had been previously found to be 329 ft., 
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Hence 

The 
that the height of the axis on Tenterden steeple was 322*8 ft. 

To find the absolute altitudes it is necessary that the heights of one or more of the stations be 
ascertained by actually levelling down to the surface of the sea. The heights of all the inter- 
mediate stations are then determined by the reciprocal angles of elevation 
or depression, carried on from station to station, and it is obvious that a 
verification will be obtained for every three stations ; for the difference of 
altitude between A and B, when found from direct observation, ought to 
be the same as when deduced from the difference of the heights of each of 
those stations and a third station C. 

In the preceding example the effect of refraction is | of the intercepted 
arc. In other cases the refraction varied from ^ to -^ of the contained 
arc. When reciprocal observations could not be obtained, -^ oi Q was 
generally assumed as a mean value of f», in order to obtain the angle ^ in 
equation [19]. 

Measurement of the Arcs of the Meridian^ and the Arcs parallel to the 
Equator, — ^When a chain of triangles has been formed nearly in the direc- 
tion of the arc of a meridian, and all the sides have been computed, accord- 
ing to the preceding rules, we are enabled to determine the length of the 
arc of the meridian intercepted between the parallels of the extreme sta- 
tions. For this purpose two different methods have been adopted, which 
we shall briefly explain. 

The Method of Obiique^ngled Triangles, — To measure the arc of the we- 
ridian intercepted between the parallels of A and L. — Let A B C D . . . , 
Fig. 3231, be a chain of triangles lying nearly in the direction of the 
meridian A X. All the sides of the triangles are supposed to have been 

Srevioualy computed, and the angle C A X is given from observation. Pro- 
uce C D to Bt join F M ; and, from the last station L, draw L X peiv 
pendicular to the meridian A X. Tlie following spherical triangles will 
then be most easily solved, according to Legendre's method, by first com- 
puting the spherical excess in each case, and then deducting one-third of 
this excess from each of the spherical angles. 

Inthetriangle ACM, there are given AC, ZACM, Z CAM, to find 
AM, CM,andZAMC. 

Then DM = CM - CD, and ZMDF = 180^ - CDF. 

In the triangle DM F are given D F, D M, Z D, to find MF, Z D M F, Z DFM. 

ZFMN= 180^-(AMC + DMF); ZMFN = DFN - DFM. 







FN, to And MN, FN, and /MNP. 
NM = HNO. 



^nTBllViS^S B^'lSwB (of X, BDd let 
•• ** " .*P^n|P (* fc^.t^T. + sin. L ooi 




s'O, /NHO,toflndNO,HO,Biid /HON. 
T.LXT.nefiDdOTaQdTX. HencamhaTe, 
TX. 

:he ame panllel of latitude with L. 
L = the latitude of L, and L + z = 
prodnced to meet the meridiaa of L 



moat Bubstitale - and - for 
than that of 



% " yr i'JMKMMf^%*X tW0 A. X (the latitude of A being greater 
. . :55^tan.L. [21] 

'.»..». .ft. "JS-^S: 

Ig3-^4^Ai^fiS;fti%Ted bj Delambre lo determine the length of the arO 

~ |»3Bbfi5l*<S«^ meridian all the BtationB to the east, by means of 

Kii6*S& •S^poted tha'diBtancB between every two succeeding 

i^cieSrf^S^ distances will give the entire length of the meri- 

jS:U&i^<lotie the same for the iUtiona to tbe west of the 

..^t«e&^Sii£?«me value for the length of 

d4M»'^tM»i5^tMcomputBtiona serve to verify *»*■ 

^:<tWw&^Ma^sS&S a mean ahould be token 
iJSiMifa^K&ttS&t'hod, however, can only be 
iii^ftlftZ^.lJctiJ^itto previooely known vith 

tWs«^ffimS&baH*K^ the extreme ataliuns has 
>AraM£it!SirEfiAf&^ to determine the latitudes 
IwSyifi5^d&.tfiS<^Srfpondingce]eetialara. This 
lt-5&»SS«%!SJ»Si*«aion. The error of a eingle 
,i/Sti^P3<tySA.^t^eDHo about 100 ft. on tlie 
>k?lE^^/&r^vaBktbat an error in the latitndo 
,< ie!&i!im^/Pu»^l5^Ai!ect tbe measurement of the 
"~ ' ?S.HS'^iS&ii^|i?ain of tbe meridian. In the 
" "■'" " o observed with a zenith 

B, Fig. S232. la BD arooT 
mly flied a telescope T of 

.Vertically, and the telescope 
ilane of the meridian a fen 
obaerve stars nithin a 
lended from the centre 
LOWS the angle between 
D be turned half round 

I same stats in the two 

Rradoation will be entirely p 

l&ch too great in tbe one caae 
^'> of the sector used in 

._ described, was used 
,__^been doubted whether 
■d^^mtning so Important an 

>b4I^*^ '^ rtqitntor.— Let A B, 
-1— ftooglea which lie in a di- 

ktm and let E F bo the 

it{|j4cs are to be projected. I 

iafaauited to determine the 

•li^*<i<'<' of the panllel E F, 

■JX^i N = the normal at b, 

•*—'■""<- D, and in part* of the radios = !. Wehave 
sin, I ; COS. I, and became P and S are small 
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arcs, Bin. P=P — 4 P', Bin. 8=8— J 8', very nearly ; therefore, making an equation and transposing, 
p =r (8 — 4 8') ?IHli[ + 4 P». As a first approximation, we have P = 8 — '— ; substituting this 
value of P in the second member of the last equation, we get 



sin. z sin. z /- sin.^ *\ 



Let H be the centre of the circle E F, and let a b measured in feet = p, then p : 6 H : : measure 
of the angle aH6or P : 1 ; /. p = P X 6H = P x Ncos. L, equation [26]; also 8 = =^,. Making 
these substitutions in equation fa], we get 

N COS. L 



P = 



N'cos 



L /_ . D« sin. z A sin.* z\ \ 



By applying this formula to all the sides of the triangles, the sum of these projections will give the 
required length of the total arc. 

We have now to determine the astronomical difference of longitude from observation. In the 
Philosophical Transactions for 1824, an account is given of some experiments performed by Dr. 
Tiarks, for determining the differences of longitude of Dover and Falmouth. Twenty-four chro- 
nometers were transported by sea three several times from the one place to the other, by which 
means the difference of longitude was determined to be 6^ 22' 6" ; ana as the length of the parallel 
found from the survey was 1,4742672 ft., we have the length of a degree of parallel in latitude 
50^ 44' 24", equal to 231,563 ft. The dif erence of longitude of Marennes and Padua was deter- 
mined by five signals, at five intermediate stations. The length of the parallel in feet was found, 
from triangulation, to be 1,010,996 metres, or 3,316,976 English ft., and the difference of longitude 
was 12^ 59' 3" -75. This gives for the mean length of a degree in latitude 45° 43' 12", found from 
the whole arc between Marennes and Padua, 255,470 ft. ; the length of the degree found from the 
partial arc between Marennes and Geneva was 255,546 ft. Both these results are greater than a 
degree in the same parallel of latitude on a regular spheroid, which most nearly represents the 
meridional arcs ; but no great reliance can be placed on these numbers, as the determination of tho 
longitudes was attended with considerable difficulty. 

The Fitjure of the Earth. — If the earth were perfectly fluid, and hod no motion of rotation about 
an axis, it would assume a spherical form ; for in this case there would be no tendency in the fluid 
to run in any direction, and therefore it would be in a state of equilibrium. But if any portion of 
the surface were farther removed from the centre than the rest, the pressure arising from the pro- 
tuberant would be greater than that from the less elevated parts, and therefore the equilibrium 
would be destroyed. 

But since the earth revolves on its axis, every particle has a tendency to recede trom that axis 
proportional to its distance ; consequently its gravity will be diminished, and the columns of fluid 
at tne equator being composed of parts that are lighter, must be extended in length in order to 
balance the columns in the direction of the axis. It has been proved by Maclaurin and succeeding 
writers, that a mass of homogeneous fluid will be in equilibrium if it be formed into an oblate 
spheroid, such that the polar diameter shall be to the equatorial diameter as the attraction at the 
equator, diminished by the centrifugal force there, is to the attraction at the pole. And as it appears 
from experiments on the vibration of pendulums that the centrifugal force is to the force of gravity 
at the equator as 1 to 289, it may be demonstrated that a homogeneous fluid of the same mean 

density as the earth woidd be in equilibrium if the ratio *" = j ^^ = -^^ ,' nearly, a being tho 

equatorial, and b the polar diameter ; that is, if 6 : a : : 230 : 231. 

If the fluid mass of the earth be supposed not to be homogeneous, but to be formed of strata 
that increase in density towards its centre, the solid of equilibrium will still be an elliptic spheroid, 
but less oblate than before. Now, as it appears, from experiments, made on the density of the 
mountain Schehallien, in Scotland, and also from tliose of Cavendish, that the mean density of the 
earth is greater than the density at the surface, it follows, that if the earth be a solid of equilibrium, 
, a — 6 1 

the ratio will be less than before, or less than ^^ • 

If the earth were homogeneous, the increase of gravity f^m the equator to the pole would be «^ 6, 
6 being the gravity at the equator ; and the gravity g, at any latitude /, would be representea by 
the equation ^ = G (1 + ^ sin.* I). But if the density of the earth increase towards the centre^ the 

a ^ b 
latio —r— , and the increase of gravity from the equator to the pole, divided by the gravity at the 

equator (7), will no longer be expressed by the same fraction, but the sum of the two fractioni« is 

constant, and equal to twice the value of 7" , which tlie spheroid would have if it were 

homogeneous, that is, 

"^ 7"* + 7 = ^ 2^ -00865, and ^ = G(l -F y sin'/). '23] 
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This theorem was first given by Glairaut. and is of great importance in determining the Hgnre 
of the earth from experiments witn the penaulnm. 

With respect to tne values given to g, see our article on 
OuNNEBT. We shall now proceed to show how the figure of 
the earth is to be determined from geodetic operations. We 
shall, therefore, first consider the different properties of an 
oblate spheroid, and then compare them with the results 
deduced from observation. * 

Let A P a p, Fig. 3234, be an ellipse, which, by its revolu- 
tion about its minor axis Pp, generates an oblate spheroid. 
Let AG=a, 0P = &, the eccentricity = ae, the ordinate 
MN = y, ON =-. X, the normal Mr = «, MR = N, the 
radius of curvature at M = p, and the latitude of M, or 
the angle Mra = /. Now, the equation to the ellipse is 

a* a* a» 

Also y = n sin. /, and « = ri x N r = — n cos. /; .-. cfln^ sin.» / + ,, n« cos.* / = a' J» ; couse- 

(r Or ft* 




ct 



quently n = 
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And because 6* = a* (1 — e*), therefore 



hence 



V («• COS.* / + 6* sin.« 

a« COS.* / + 6« sin.3 / = «« (1 - c» sin.' ; 

- ^(1 - flS 8in.« ' 



acos. / 



V(l - «" sin.* ' 



_ o(l-e» )sin./ 
^ "" V(l - ^ Bm.« /) ' 



Cr = 



CR = 



cos. / ^(1 — «• sin.' ' 
a ^ COB. I 



V(l - c= sin.' 
a e> sin. / 



= Ne»cos./, 



= N tf' sin. /, 



V(l-<^8in«0 
, L- y/1 - (2 e« - e*) sin.* /\ 

_ ^ , _ o(l -«») 

'*~i«'" ~ (l-«»am.«Oi' 



[24] 

[25] 
[26] 

[27] 

[28] 
[29] 

[80] 



The lengths of iw) degrees on the meridian in given latitudes being knomi from measurement^ it is 
required to determine the polar and equatorial diameters. — Let D, D', be the lengths of two degrees in 
feet ; /, /', the latitudes of their middle points ; 0, p', the radii of curvature at those points ; then, 
since the two arcs are very small compared witn their radii, we may suppose them to be arcs of 
two circles whose radii are p, p', without sensible error. Hence 180^ : 1° 11 vp I D; 



180 



p = —T>=til)i andp' = MD', 

M being substituted for ^^ . Hence, therefore, expanding the value of p, and neglecting higher 
powers of e than the second, we have, from equation [30], 

a(l-6«) 



D = - = 



(14-l«*8in.*0J 



[31] 



D/=e! = l^l-l/>(l + |.»sin.«0; 
D 1 + 4 «• sin.* / ,,.».•, •••ti' 



«• = ? 



D-D' 



D-D' 



[32] 



3 D' (sin.* / - sin.* O " 3 D' sin. (/ + O sin. (/ - /') 

T* a (1 — «•) 
If /' = 0, or the degree is at the equator, the length of the degree D' = 



Hence it 



follows, that the excess of the degrees of the meridian above a degree of the meridian at the 
equator, is as the square of the sine of latitude. 
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The length of a degree parallel to the equator, and the length of a degree of the meridian, being 
knoum from measurement, to determine the polar and equatorial dianuiers, — ^Let A be tlie length of a 
degree parallel to the equator, at a place whose latitude = ^. Then the radius of this circle 

X = .^,^ .'. a,. , equation [25] ; therefore A = - = — „^^^\ . ,,v . Expanding this 
V(l — «^Bin.*/) :» I. J ^ ^ ^(1 — e* Bin.* /) ** 

expression, and neglecting the powers of e higher than the second, 

acos. / 



A = 



(l + le*Bin.«0. 



[33] 



From this equation, and equation [31], we can determine the values of e* and a, when D and A 
are known. 

We shall now give some examples of the geodetic measurements which have been executed in 
bur own country and in India. They are part of those which M. Schmidt has selected as the best 
for the purpose of determining the magnitude and figure of the earth. With these data he has 

found a = 20921665 ft., 6 = 20852394 ft. EUiptidty = ^-^ = 57^777^ * Degree at the equator 



= 362732 ; degree in latitude 45'' = 364543*5. 



302 03 



Na'. 


Oomitry. 


Latitude of 
Middle PolnU. 


Arc meosnred. 


Length in l^eet 


Length of a 
Degree, 


TMf. 

fei^Dce. 

« 


1 


India .. 


12 32 21 


O t 0t 

1 34 56-4 


574,368 


362,988 


+ 83 


2 


,1 . • . . 


9 34 43 


2 50 10-5 


1,029,171 


362,863 


4- 29 


3 


„ .. *. 


13 2 54 


4 6 11-3 


1,489,198 


362,873 


- 46 


4 


,, .. .. 


16 34 42 


2 57 21-7 


1.073,409 


363.125 


+ 96 


5 


„ . . . ■ 


19 34 34 


3 2 35-9 


1.105,499 


363,257 


+ 118 


6 


„ . . . . 


22 36 32 


3 1 19-9 


1,097,320 


363,084 


-184 


7 


England 


51 25 18 


1 36 200 


586.319 


364,952 


+256 


8 


„ . • • • 


52 50 30 


1 14 3*4 


450.018 


365,036 


-411 


9 


„ 


54 56 


1 6 49-7 


406,516 


365,109 


-107 



The last column in this Table is ^he difference between the length of a degree computed with 
the values of a and 6, given above, and the length of a degree given by measurement. These 
differences must be supposed to arise either from errors in the observations, or from local irreg^ularity 
of form or densitv. The most probable source of error is in determining, the latitudes ; for an error 
of a single secona in the difference of latitude is equivalent to 100 ft. measured on the ground. On 
this account, the largest arcs may be considered the best ; for the probable error is the same, 
whether the arcs be great or small. 

To these examples we may add the results of four arcs of parallel, measured in different 
countries, and also their errors, compared with the degrees computed from formula [33]. 



No. 


Oonntry. 


Latitude. 


Measured Degree. 


DifTerenoe. 


1 
2 
8 
4 


Mouth of the Rhone 

Beachy Head to Dunnose 

Dover to Falmouth 

Padua to Marenues 


o 1 n 

43 31 50 
50 44 24 
50 44 24 
45 43 12 


266,345 
232,331 
231 . 579 
25^.480 


+1191 
+ 789 
+ 37 
+ 110 



To determine the length of any arc of the meridian, — ^Let the arc a M, Fig. 3234, measured from 
the equator = s, then d8 = tjda^ + dy', and if we differentiate the values of x and y, g^ven in 

formula [25], we shall readily find cf s = ^^ . ^ } = pcf/. Expanding tbis expression, and 

neglecting all powers of e higher than the fourth, we get 

d»=a<//(l-e*)(+l«'sin.«/+ Ve<sin.*0: 

and since sin.* / = ^(1 -cios. 20, sin.* / = t (3 — 4 cos. 2 / + coe. 4 Q, this equation becomes 
rf« = a d/(l - tf»)(A - Bcos. 2 / + Ccos. 4 0, where 



And integrating 



A = l + A«« + ^e<, B = i«« + i|tf*, C = Jte«. 
« = a(l-««)(A/-}Bsin.2/ + iC8in.40. 



[34] 



No constant is necessary, because at the equator a and / vanish together. 

The lengths of any t\oo arcs of the meridian being given from measurement, to determine the polar and 
equatorial diameters. — If / and /' be the latitudes of the two extremities of the first arc, and «, s\ 
their distances measured from the equator, then we have, from equation [34], 

s = a(l — «s)(A/ — |Bsin.2/ + i08in. 40, 
5 = a(l -ca)(Ar-iBsin.2r + iCsin.40. 
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Takinff Uie differenoe of theae equationB, and putting «*s'=B, / — /'=A, / + r = L,we have, 
from Irigonoinetry,. 8 = a (1 — ^^^ (A A — B nn. \ ooe. L + ) sin. 2 A oos. 2 L). In like manner 
we have, for the second arc, 

8' = a (1 - «>) (A A' - B Bin. V ooe. L' + ^ G sin. 2 A' cos. 2 L') ; 

and since, in these two eonations, the Talues of 8, A, L, 8', a', L', are all known from obserra- 
tion, the quantities a and e can easily be found, and the polar radius b from the expression 

If 6 = a (1 — a), the small fraction a is called the iUipticity of the spheroid. Hence 



a(l-«) = aVa-^ = «(l-»^-i^); 



[85] 



If Q be put for the elliptio quadrant, measured firom the equator to the pole, we have ^ = ) r in 
equation [S4] ; therefore 

Q = |a(l-d»)A» = |»a{l-id»-Ae*). [36] 

If the ecarth he cvA hy a vertical plane perpendicular to the meridiatL the raditu of curvature of this 
aection^ at the point where it cute the meridian^ is equal to the normal M R, Fig. 8234. — For, since the 
earth is supposed to be a solid of rcTolutlon, the direction of gravity always passes through the 
axis of the earth. If therefore we conceive the plumb line to be carried over an indefinitely small 
arc perpendicular to the meridian, its direction will intersect the axis at the same point R as 
before ; and therefore R is the oenfa:e, ax^ M R the radius of currature of this arc The value of 
M R is given in formula [26]. 

To find the radius of the curvature at any place, when the earth is cut by a vertical plane mahng an 
angle B with the fiMritfMm.— Let P Ap. Fig. 8285, be an oblate spheroid, formed by the revolution c(f 
the ellipse PAj9 about its minor axis Pp. LetPMA 
be the meridian of the given place M, M N m any sec- 
tion passing through the normal M r, making an angle 
$ with the meridian ; then it is required to find the 
radius of curvature of the section MNm at the 
point M. 

From any noint N in the arc M N m draw N 8 per- 
pendicular to M m, and 8 Q also perpendicular to M m 
in the plane P Ap. Let the plane N 8 Q cut the plane tf 
D N E drawn through N, parallel to the equator in the 
line Q N. Because M 8 is perpendicular to 8 N and 
8 Q, it is perpendicular to the plane N 8 Q, and there- 
fore the plane M A m passing through M 8 is perpen- 
dicular to the plane If 8Q. And because the planes 
N 8 Q, DEN, are perpendicular to the plane M Am, 
their common intersection Q N is perpendicular to this 
plane; therefore NQ8, NQD, are right angles. Let r8sx, 8N =y, ZN8Q = AMN = f, 
Z8rA»Q8Z=2,thfinwiU 

SQsyoos.9, 8Z = 8Qco6. Q8Z = ycos.9ooe. i;QZ = 8QBin. QbiSsyoos. esin. /. 
And because D E = DN, we have fh>m the ellipse 

o«6» = a« . CD« -h ft« . DE« = a« . CD* + 6« (D Q« -|- QN«). 




w 



But 



GD = 8T — 8Z = jpsin. / — yco8.6cos./. 

DQ = Or + rT-|-TU:=o-|-«coB./ + yoofl.08m/. 

QK = ysin.0. 



Haking these substitutions in equation [a], it will be of the form 

A «• + B«y + Oy« -h Da?-|- Ey + F = 0, 
where 



[87] 



A = o»sin.M + 6«cos.»/. 

B = — 2 (a> — 63) sin. / cos. / cos. e. 

O = ft« -I- (a« - 6^ COS.* / COS.* «. 



D = 2 6* c COS. /. 

£ = 2 6' c COS. $ sin. /. 

F = - (a« - c») ft«. 



This is the equation to the ellipse, and we shaU find the radius of curvature fitom the expres- 

<f <* dx 

sion p ss , dy being considered constant. Now, at the point M, « = n, y ~ 0, j- s 0, 

3^ = - 1 : therefore p = — ^ . Hence, differentiating equation [87] twice, we have 
ay <r X 
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A = a« Bin.* / + 6« ooe.* / = a« (1 - «• oo«.« I), 
a (1 - ««) „ , ,- ^ g<>*ooB-^ 



X = 



^ (1 — «« gin.* 
and C = 6* + (a* - 6*) ooe.* $ oob.« / = a« (1 - «» + c* oo8.« B cob.* /) ; 

. p = _ aQ- ^^) [38] 

'^ Vl-«*Bm.«/{l-«* + c*ooe.*0oofl.«O 

Cor. BecauBe 1 — «» + «* oos.* cob.* / 

= (1 - <^) (gin.* « + COB.* tf) + «* COB.* tf COB.* / 

= (f- c*) Bin.* + (1 - «• Bin.* «»•' •• 

We obtain from fonnnla [38], i = "^^^7.^^'*^ [(1 - O «m.« • + (1 - «* sin.* cob.* «]. 

And if r be the radiuB of cnrratnie of the meridian at the point M, and K the radins of oarvature 
of a section perpendicular to the meridian, we have 

(1 - e* Bin.* Ot' V (1 - «* ■"i* 

XT * ^ 11 — *v * 1 Bin.*tf ^ COB.* tf r sin.* 9 + Kooe.*g 

Hence it follows that - = — -r— + = -j ; 

p r r rr 

'^ r 8m.* a + r' cos.* « 

an elegant expression, first given by Oliver Byrne, which ma> be proved by the differential calcaliiB 
to be true of all sarfaces, when r and r' are the radii of greatest and least curvature of all sec- 
tions passing through the normal at the point M. 

To determine the figure of the earth from the vibration of pendulums, — This method, which is now 
very generally practised on account of its great facility, may be thus briefly explained. It appears 
from Mechanics that the time of vibration of a simple pendulum in a vacuum, when the arcs are 

indefinitely small, is determined by the equation t = v \/ — . If, therefore, t and L be given, 

the value of ^ may easily be found. Let G represent the force of gravity at the equator, and g the 
force of gravity in any latitude /; then we have from Clairaut's theorem, 

"-^+7=5. ^; and(7 = G(l +78in.*0. [23] 

SnppoBe now that a pendulum, of either of the forms described, is made to vibrate, and its vibra- 
tions are compared with those of the pendulum of a clock, as explained in the article Pbndtjluic, 
then if n be the number of vibrations which the clock pendulum miUces between two successive coin- 
cidences, the experimental pendulum will make n ± 2 vibrations. Let r be the rate of the dock in 
seconds, or its gain in twenty-four hours, then the number of vibrations which the dock makes in 
a day is24x60x60 + Tr= 86400 + r. If therefore K be the number of vibrations made by the 
experimental pendulum in a day, we have, manifestly, n :.ndt2 : : 86400 + r : N ; therefore 

N=l±i (86400 + T) = 86400 + T±i^???5±^. [«] 

n n 

Let N' be the number of vibrations which the same pendulum makes in any other latitode " 
and ^ the force of gravity at this place. We have then 

nearly, y being a very small quantity ; therefore 

^ N** (sin.*/- sin.* O 

The value of y being determined in this manner from experiment, the ratio of a to 6 will be found 
from the first of equations [23]. 

In this investigation several corrections have been omitted which must be taken into oonaidenir 
tion when great accuracy is required. 
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(1). Corr&ctian for ike ampiiiude of the arc of vtbration. — In the expression given for the time of 
Tibntion (see Pkndulum), the arc is supposed to be indefinitely sm^I. Let t be the observed 
time of vibration, ^ the amplitude or semiarc of vibration, and <, the time of vibration, when the 

aio is indefinitely small; then we have t=zw\/^(l + ^ ^*^i^'^W' Hence if N be the 

observed nnmber of vibrations made in a day, and K| the nnmber in an indefinitely small arc, 
^ N, <i = 24 hours = N <, therefore 



K. = Ni=N(l + g). [42] 



If therefore ^ remains nearly constant during the time of observatioxi, the nnmber of vibrations N 
must be multiplied by the quantity 1 + iV ^'* But as the amplituae is continually diminishing 
on account of friction and the resistance of the air, it is necessary to make an allowance for this 
change. Now it is proved, both by theory and experiment, that the arcs decrease very nearly in 
geometrical progression. Let therefore ^ be the first arc, ^' the last, and m the number of terms, 
which is always a very large number. Also, let q be the ratio of the square of each arc to the 
square of the preceding arc ; then the whole time of vibration will be represented by the equation 



-'V7("-St^)- 



Let g s 1 -> «, then « is a very small quantity, and 

log. (1 — «) = M (— « — } X* — &c.) = — M jr, nearly, 

M being the modulus in the common system of logarithms ; hence 

log. (1 - x) log.g . 
M ' or, 1 — g = jj- . 

and liiioe 9**^ ^ = ^'', we have 

_ 2 tog. » - 2 log. »> ^ 2aog.»-iog.»-) 

** m— 1 m 

2 Gog. <> - log, fp*) 

'• ^•*^ = srs 

Also, ^« (1 —3^) = ^« — g 4>'« = ^« — ^'•, very nearly. 

Mi^Ving these substitutions in the expression for T given above, we have 

„ /L ( . Mm 4>« — ^'« \ 

^="^7r'*"8r iog.»-iog.»' }' 

and therefore the mean time of one vibration is 

Hence if y, be the correction to be added to the observed number of vibrations N in a day, we 

manifestly have 

Msin.«l° 1.*^^- [433 

"'"^ 32 log. ^ - log. 4»' 

the ares f and ^' being estimated in degrees. . 

(2). Correction fcr temperature,— When a pendulum is made to vibrate at different times, its 
length will vary with the temperature, and therefore the time of vibration will also vary ; hence it 
is necessary to reduce the number of vibrations to a given standard (62^), Let T be the mean 
height of all the thermometers employed during the experiments, and e the rate of expansion of the 
metal for 1^ of Fahrenheit, then if L, L', be the lengths of the pendulum at the temperature of 
T*, and 62^, and N, N„ be the corresponding numbers of vibrations in a day, we shall have 
L = L' [1 + #(P> — 6SP)], and consequently 

-j^ = V jj, = Vl+e(T-.62) = 1 + J«(T' - 62°X nearly. 
Henoe if r, be the correction to be added on account of the increase of temperature. 
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a Taonnm ; g the force of gravity in air, g' ditto in a Tacnum ; o* the specifio gravity of air, 8 that 
of the pendnlmn during the experiments ; then 

Let A be the height of the barometer, and T the temperature of the air during the experiments ; 
also let tr' be the spedfio gravity of the air at the temperature of 32°, when the barometer stands 
at a given altitude H. and A' the height of the same weight of mercury reduced toihe tempera- 
ture T. It appears, then, from hydrostatics that the specific gravity of the air 



*[14-a(T°-32^] 



when p is the pressure on a unit of surface, a is the expansion of air for 1° of temperature, and k is 
a constant quantity ; hence tr I a' 11 r--j- — j= — ^^ - : V. Also, if /i be the expansion of mercray 
for I'' of temperature. A' = H [1 + M C^ - 82°)]- Substituting this value of A' in the proportion 
above, and forming an equation, we get tr = cr* g i 4. (a + ^) (T° - 32°) ' ''^ nearly. 

According to MM. Antgo and Biot, when H = 29*9218, and the temperature is 32°, a' is equal 
to j^j therefore i g = '0000217. Also, = 7^ = -00222, /a = -0001, and therefore a + M = '0023. 

„ . -0000217 ,N, , . 0000217 A .. 

Hencei<r= ^^,^^3^^^3g^ ,and-^ = l4- ^g^^^^.^^.^^3(^^3y.. ;orifweput 

^ (=: *0013) forir in the denominator, we shall have, for the correction to be added to N, 

_ -^ 0000217 A p -o 

^»" 8- -0013 1+0023 (T°- 32°)' *■ ■' 

See Alosbraio Sxonb. Babometxb. DiffTAKOES. Gravitt. Gunkebt. PsNorLuiff. Sub- 
VXTING. Thermometer. 

Works reiating^ to Geodesy : — Delambre et Legendre, * M^thode Analytique pour la Determination 
d'un Arc du Mdidien,' 4to, Paris, 1798. * Mudge and Dalby's Account of the Operations for Con- 
ducting a Trigonometrical Survey of England and Wales,' 3 vols., 4to, 1799. Benoit, ' Cours 
ooxnplet de Topographic et de G^d^e,* 8vo, Paris, 1825. Salneuve, * Cours de Topographic et de 
GeA4sie,* 8vo, 1841. Puissant, ' Traits de G^od^sie,' 2 vols., 4to, Paris» 1842. J. B. Williams, 
' Practical Geodesy,' 8vo, 1846. G. Everest, * Measurement of the Meridional Arc of India,' 2 vols., 
4to, 1847. Captain Yolland, * An Account of the Measurement of the Lough Foyle Base, Ireland,' 
4to, 1847. Clark and James, * Account of the Ordnance Survey of Great Britain and Ireland,' 
2 vols., 4to, cloth, 1858. Sir H. James, * Abstracts of the Principal Lines of Spirit Levelling in 
England, Wales, and Scotiand, 4 vols., 4to, 1861. Colonel Frome, * Outline of a Method of Con- 
ducting a Trigonometrical Survey,' 8vo, 1862. Sir H. James, ' Extension of the Triangulation of 
the Ordnance Survey into France and Belgium,' 4to, 1863. Borda^ ' Description et Usage du Circle 
de Reflexions,' Paris, 4to. ' How to Measure the Earth, with the assistance of Railways,' by Oliver 
Byrne, 'the editor of this Dictionary. 

GERMAN SILVER. Fb., Argentan; GxR., Neuailber; Ital., Packfong; Span., Plata alemana. 

See Allots. 

GIMBALS. Fr., Salandera du compos ou de la lamps; Ger., Bugei des Compasses order des 
Nachthauses; Ital., Snodo universale; Span., Aparaio de suspension. 

A gimbals^ Fig. 3236, is a contrivance for securing free motion in suspension, or for suspending 
anything, as a chronometer, ship's compass, marine iMUfometer, &c., so that it may keep a constant 
position, or remain in equUibnum unaffected by the motion of 
connected bodies, or by the motion of a ship. It consists of a 
ring Fig. 3236, within which the suspended body turns on an 
axis through the diameter, while the ring itself turns on another 
axis .*i right angles to the first, by means of pivots resting on an 
outer ring or other means of support. Bee Compass. 

GIN. Fb^ Manage h malettes; Ger., Pferdegdpel; Span., 
Manija, 

A gin is a machine or instrument by which the mechanical 
powers are employed in aid of human strength; especially a 
machine consisting of a tripod formed of poles united at the top, 
one of them being longer than the rest and called the pry-pole^ with a windlass, pulleys, ropes, &c., 
for raising or moving heavy weights, lifting ore from mines, hauling cannon, and like purposes. 

A gin is also a machine for separating the seeds from cotton, caUc^ hence a cotton gin, 

GIN, Cabfentrt. Fb., ChSvre; Ger., Ifdfezeug; Ital., Copra; Span., Cdbria de oarpinteros^ or 
Borriquete, 

See Lutb, Hoxvn; and ELEVATOBii 

GIN, Cotton Gin. Fb., Machine ^greneuse; Gbb., Egrenirmaschine ; Ital., Sgranatore; Span., 
Mdquina para desmotar el aJlgodon, 

See Cotton Maohxnebt. Gin. 

GLAND, OP A STUTFiNa Box. Fb., Chapeau d'une MU h Houpeif Couftmns di h prestC'^toupe ; 
Ger., Stopfmchse ; Span., Sombrerete de una caja de estopas, 

A Poland is the cover of a stu£9ng box ; sometimes called a follower. A cross-pieoe or clutch for 
engaging and disengaging machinery moved by belts or bands is also called a gland. 
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GLASS FURNACE. Yb., Four de verrerie ; GsB., Ohsofen; Ital^ VeMsra; Spah., Bono d§ 
vidrio. 

See Glass Magbinkbt. 

GLASS MACHINEBT. FlL, MacMne9 de terrene; Geb., Maschmen gur An/ertigung dee Closes ; 
Ital., Macohine da iaoorare ii vetro; Span., Maqtunaria para la fabrioaekn de vidrio. 

Machinfryfor the Manufacture of Plate Qlass.—^. H. Daglifih, in the P. I. M. £., 1863, observed 
that within the last ten yean the production of plate glass in England has been qnadnipled, 
whilst in the same time the price has been duninisned fnlly one-half. The present extent oi the 
manufacture in this country is about 85,000 sq. ft. per week, whilst about 12,000 sq. ft. per week of 
foreign plate glass is imported. The foreign glass has ootained a preference from its superior 
lightness of colour, whicn arises from the greater purity of the materials that it is made of, 
particularly with regard to the sand, of which the foreign makers have an abundant supply, of 
great purity and light colour. 

Under the influence of oompetitum, the English manufacturers have lately commenced an 
extensive course of experiments with the view of improving the quality of the plate glass made in 
this country, and also reducing the cost of manufacture ; and in some instances very decided 
success has thus fisr been the result. In order to accomplish these objects, the sand employed at 
the British Plate-Glass Works at Bavenhead, near St. Helen's, is now imported from France ; and 
every precaution is adopted to ensure as far as possible the chemical purity of the other ingredients 
of the glass. Under these altered circumstances the glass now manufactured is equal in every 
respect to the best samples of the French production. 

After the materials nave undergone the process of melting in the furnace and are oonsidered in 
a fit state for casting, the pot containing the melted mass is taken to the casting table, and its 
contents poured out on one end of the tM)le, in front of a large cast-iron roller ; the material is then 
spread over the surface of the table by passing the roller over it, the thickness of the plate of glass 
being regulated by strips of iron placed along each side of the table, on which the ends of the 
roller run. As soon as the plate or glass is sufficiently solidified to bear removal, it is introduced 
into an annealing oven, there to be graduallv reduced in temperature or annealed, until it is fit to 
be exposed to tEe atmosphere without risk of fracture. This process of annealing used formerly to 
occupy upwards of a fortoight, but from the improved arrangement and construction of the 
annealing oven it is now completed in four days ; tnus three times the quantity of glass can now 
be annealed in each oven compared with what was formerly considered possible ; and consequently 
a large outlay in building and in space has been saved, since only one layer of plates can be placed 
in the oven at one time, no methoa of piling the plates being considered practicable or even safe. 
The chemical difficulties and manipnfation in producing the raw material have thus been very 
satisfactorily overcome; but the problem of carrying out the necessary improvements in the 
subsequent mechanical operations hss not perhaps been so completely solved. 

The plates of ^lass when taken from the ann«ding ovens are exceedingly irregular, particularly 
on the surface which has been uppermost in the i>rocess of casting, that sunaoe being undulated or 
wavy after the passage of the roller over it whilst in a semi-fluid state ; the lower side too is affected 
by any irregularities on the surface of the casting table, and also to some extent by the floor of the 
annealing oven ; and both sides of the plates are also covered with a hard skin, semi-opaque. The 
plates vary in size, the largest being about 17 ft. long by 9} ft. wide ; and the thickness varies 
according to the size from f to | in. The first process to which the plates are submitted is that 
of grinding, to take off the hard sidn and reduce the surface to a uniform plane, which is performed 
by the application of sand and water. The second process is that of smoothing, wnich is a 
Continuation of the first process, but performed with emery of seven different degrees of fineness, so 
as to prepare the surface of the glass for the final process of polishing. This last process is 
effected by the use of oxide of iron employed in a moist state. 

The machine in general use for grinding is that which was originally employed at the com- 
mencement of the glass manufacture, and is believed to have been designed by James Watt It is 
known by tlie name of the fiy-frame machine, and is shown in side elevation and plan in 
Figs. 3237. 8238. It consists of two benches of stone A A, sufficiently large to hold a plate of glass, 
and placed about 12 ft. apart : on these benches the plates of glass are fixed by plaster of Paris, 
as shown by the black line in Fig. 3237. Each bench has a runner-frame B made of wood, about 
8 ft long by 4i ft. wide, shod on the under-side with plates of iron about 4 in. brood and 4 in. 
thick, and provided with a strong wrought-iron stud on the upper side, by which it is moved about 
over the surface of the glass. The geanng for driving these two runner-frames B is placed between 
the two benches, and consists of the sauare cast-iron fiy-frame 0. with two fiat bars D hinged to it 
on opposite sides, extending over eacn bench A, and suspended from the roof by long chains, as 
shown by the dotted lines in Fig. 8237, so as to allow them to radiate freely in every direction ; 
this is called the fly-frame from ue peculiar motion given to it, and each of the runner-frames is 
connected to it by the central stud B, Fig. 8287, working loosely in the slot between the bars D. 
The fly-frame receives its motion from an upright spindle E, which Ib driven from the main line of 
shafting by a pair of bevel-wheels with a friction clutch for throwing in and out of gear. On the 
top of the spindle E is a wrought-iron arm or crank oarryinK a movable stud, which works in a 
bush in the centre of the fly-frame 0. Bound the centre spindle E are also four other spindles F, 
equidistant from the centre spindle and from one another, each carrying on the top a wrought-iron 
arm or crank with movable stud similar to the centre one ; these studs severally work in bushes at 
each comer of the fly-frame. Hence when motion is given to the centre spindle E, the fly-frame O 
is carried round by the stud on the crank-arm, while its sides are always kept parallel to their 
origioal position by the four comer cranks F. The two ranner-frames B, being connected by 
their central stud to the arms Dof the fly-frame, receive the same circular motion as the fly-frame ; 
but at the same time they are left free to revolve round their own centres, which they do in a 
greater or less degree according to the varying friction of the grinding surfaces. The grinding 
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are only allowed to partake of the motion given to them by the bar, and an not left free to rerolye 
round their own oentree as in the grinding operation preTioualy described. The centre of the 
bar G between the two 
nmner-frames is kept in 
position by a radius rod O 
secured to a fixed bracket 
on one side of the bench, at 
right angles to the direction 
of the bar. The crank E 
being set in motion, the bar 
and runner-frames receive a 
movement somewhat simiUur 
to the figure 8, which is very 
simikr to the motion gWen 
in manual labour. One ad- 
vantage of this machine is 
that two surfSaces of glass 
are finished at one operation. 
The space between the two 
runner- frames B is found 
very convenient for apply- 
ing the emery, and also 
ascertaining the progress of the work, without having to stop the machine. 

The machinery used in the polishing process remains the same in principle as that originallT 
ooDstructed for the purpose. Each machine consists of a strong cast-iron ^^ame H, Figs. 8240, 
2341, about 18 ft. long by 10 ft. wide, containing a series of small rollers, upon which is placed a 

824a 





SML 





wooden table I, with two racks on the underside; suitable gearing is connected to theee racks, to 
give the table a slow alternate lateral motion so as to bring every part of the plate of glass under 
the action of the rubbers B. The plates of glass are fixed upon the table I by plaster of Paris, and 
the ends of the table move between slide-blocks secured to tne main frame U, so as to prevent the 
action of the rubbers from displacing it. The rubber-blodu B are pieces of wood covered with 
felt, and provided with a central spindle and adjustable weights to r^ulate the amount of friction. 
A numb^ of these blocks are secured to two movable bars D, running on roUers J J at each end 
of the table I, and driven by a short shaft E, with cranks at the ends set at right angles to each 
other. The rubber-blocks are thus worked transversely to the motion of the table; and by 
applying the polishing powder in a lic^uid state the surface of the elasr is gradually brooght up to 
the requisite degree of polish, both sides of the plate suooessively being subjecMd to the samo 
operation. 
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About 1857 experiments were commenoed at the British Plate-OIass Works at BaTenhead, with 
an entirely different class of machinery for grinding and smoothing plate glass, with the object of 
increasing the production, reducing the cost, and also completing the process of smoothing npon 
the same machine on which the glass is ground, so as to obviate the necessity of a separate machine 
for smoothing, and also save the es^nse and loss of time in removing and reflzing the plates of 
glass. The new grinding and smoothing machine is shown in Figs. 3242, 3243, and consists of a 
revolving table K, 20 ft. diameter, 

fixed upon a strong cast-iron ^^^ 

spindle L, and running at an 
average speed of twenty-flTC re- 
volutions per minute, driven 
through an intermediate upright 
shaft M, from the main Ime of 
shafting N. by a pair of bevel- 
wheels, and friction cone O for 
throwing in and out of gear. This 
arrangement of gearing for driv- 
ing the table was made by O. H. 
De^^li^, and was adopted in order 
to obtain a long spindle L for the 
table, of a length equal to the 
semi-diameter of the table, and 
at the same time to keep the 
main line of shafting N continuous, for driv- 
ing a series of tables in one room. Over 
the top of the table a strong timber bar P is 
fixed, about 10 in. from its surface ; and on 
the two opposite sides of this bar are bolted 
two notched plates of oast iron, Q^ one on 
each side of tne centre of the table. The 
notches are for receiving the centre studs of 
the runner-frames B, which are very similar 
to those used on the old class of machinery ; 
and the runners can thus readily be moved 
nearer to or farther from the centre of the 
table, as circumstances require, by shifting 
the stud into a different notch. The onl^ ^ 
motion which these runner-frames have is 
round their own centres, and this is given to 
them by the excess of friction on the side 
farthest from the centre of the table over 
that on the side nearest to the centre, this 
excess being caused by the greater velocity 
of the portion of the table farther from the 
centre. It is evident that the amount of 
grinding action is considerably greater on 
tills machine than upon the old one, both 
from the increased velocity of the runner- 
frames themselves, and also from the double 
amount of movement obtained by the revolution of the table K and the runner-frames B. The 
idea of driving the runner-frames themselves, as well as the table, was conceived at an early 
stage of the experiments; but on being put to the test, it was found that the unaided movement of 
the runner-fraines adapted itself to the work to be performed far better than any compulsory 
motion could do. It has also the advantage of leaving the surfiatoe of the table free and unen- 
cumbered with any machinery, and consequently fiicilitates the operation of laying and removing 
the plates of glass : the whole of the driving machinery is also covered over, and thus protected 
from the injurious effects of the sand and water thrown off from the edge of the table in working. 

This machine has been found to answer equally well for smoothing as for grinding ; and this is 
perhaps its most successful feature in a commercial and economical point of view. Both these 
processes are now completed on it at the Ravenhead Glass Works, the finishing portion of the 
smoothing operation alone belnz effected by manual labour for the reasons before stated. The 
plates of glass being generally oblong in form, it was found that the machine in its original shapei 
having a circular table K for carrying the glass, as shown by the dotted circle in Fig. 3243, entailed 
considerable waste in filling up the area of each table for grinding ; and it was then determined to 
alter the shape to that of an unequal-sided octagon, or square with the comers taken off, as shown 
in the plan, Fig. 3243. No difficulty has been experienced in the process of grinding from this 
alteration in form, whilst the amount of waste in making up the tables has been considerably 
reduced, and greater facilities are obtained for grinding litfge plates. The amount of wear and 
tear on this machine has been found to be very small in companson with the old machines, owing 
to the small number of working parts, the large extent of beuring surface, the smoothness of the 
motion, and the complete balancing of the table. The quantity of glass finished upon one of these 
machines a week is from 1200 to 1500 sq. ft., which is about one-third more than the old machines 
are capable of doing, due sllowance being made for the difference of area. 

The Mech^xnioai Appliances employed in the Manufacture of Polished Sheet (?/aM.-— Richard Pilking- 
ton, jun., observed, in the Proceedings of Inst. M. £., 1863, that the manufacture of British sheet 




:*!":*: 



1832, b.T UeHia. Obanee Brothen, oT Birming- 
living almott npefseded cnmn glus. In eotue- 

1 . leqnired for winaowB, uhI 

moim kIews. The avenge 
r«d it can be made muoh iBreeii wbilrt with 
gquare as large m 34 in. bj 22 in. Sheet glua, 
appearaitoe when viewed from the oatside of a 



of the three foUawiog pncesaea ; — let, melting 

luired, one for melting the materiali or frit, and 
jit inbi ■ oylindrioal lonn. The melting fnmace 
■X a high temperatuM with great nniformity and 

jm tlie fuel. The furnace, an eight-pot one, is 








a matter of ipeoial Importance, and the; ore 

, when tboronghly tempered, is formed into 

ipon layer into a solid man, free tnaa cavitiea 

. jI inside, 5 ft. diameter at top, and about 4} ft, 

abont 25 owt.. and contaiuiog about 22 owt. of 

Df particles of foreign matter or dirt from getting 

would not Ia«t its time, but would most likel; 

•ature. Atter being made, a pot remains in the 

.intained at 60° Fabr, and it is (hen removed to a 

of 90° until it is wanted. When required for use, 

beat is gradual]; increased to that of the melting 

a quickly as ponible, by means of a carriage or a 

Bre-grate. Tbia operutioQ i* repeated until all 

jfumace ends are now oloaed, with the eiception of 

lEnllet, or broken glass, is pnt into each pot, and 



1674 



GLASS MAOHINERT. 



when melted is ladled ao as to ran down over the interior surface of each pot, after whioh the heat 
is increased for a short time. The pots are thereby glazed, and are now ready to receive the 
material to be melted. 

The quantity of raw material, or fHt, allotted to each pot is filled into it in three or four 
ohaiges, allowing a sufficient interval of time to elapse between each charge to ensure the previous 
one being melted. About sixteen hours of intense heat are re(juired to melt the entire quantity, 
during which time the fluid metal boils violently, and before it can be worked requires oooUng, 
which takes about eight hours. Whilst cooling, the smfdl bubbles of air arising from the boiling 
of the metal ascend and pass away, leaving the metal dear, excepting the surface, which is coated 
with impurities from the frit, from the roof of the furnace, and from the dust of the fuel, all of 
which must be removed before commencing work. Inside each pot, and floating upon the surface 
of the metal, is an annular ring, made of fire-clay, 2 in. thick, havmg an internal diameter of 18 in. : 
this inner space of 18 in. diameter is cleaned, instead of the entire surface of the metal, thereby 
saving both time and material. The cleaning or skimming is performed by means of a light iron 
rod, chisel pointed, which being warmed the metal adheres to it ; and this process is repeated 
whenever any impurities are peroeived upon the sur&ce of the metol. The surface of the melted 
metal being cleaned, the workman dips into it the blow-pipe. Fig. 8240, having previously warmed 
the nose end of the pipe. Withdrawing 2 or 3 lbs. of the metal, he allows it to cool to a dull red, 
and then dips the pipe again ; collecting by degrees in this way, as shown in Fig. 8247, a sufficient 
quantity to produce a given-sized sheet of glass, which on the avera^ would weigh about 20 lbs. 
Then, while cooling the pipe he continually turns it round, drawing it towards himself, and in so 
doing forces the metal beyond the nose end of the pipe by means of the forked rest in which the 
pipe revolves, as shown in Fig. 8248, leaving as little metal as possible upon the pipe. The blower 
now takes the pipe, and places the red-hot mass in a hollowed wooden block upon the ground. 
Fig. 8249, keepmg the pipe in a horizontal position whilst revolving it, thereby prodnoing a solid 
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cylindrical mass of metal During this prooeae his assistant allows a fine stream of cold water to 
run into the' block from a sponge, keeping the wood from being burnt, and giving a brilliant surfiEMse 
to the glass. He next raises the pipe to an angle of about 75% and blows until he has produced a 
hollow pear-shaped mass, Fi^. 8250, with its largest diameter the same as that of the finished 
cylinder. During this operation his assistant keeps the block wet, and a second block iB generally 
used when commencing the blowing. The glass now requires reheating, which is done at a furnace 
built of ordinary brickwork in an oolong form, its dimensions being determined by the number of 
blowers intended to work at it, generally four, five, or six at each side. The ground at each side of this 
furnace ia excavated to a depth of about 7 ft., a width of about 16 ft., and the same length as the 
furnace ; and over each of these spaces four, five, or six wooden stages are erected, at distances of 
about 2 ft. apart Having reheated the ghiss, the blower repeatedly blows to maintain the cylinder 
of equal diameter throughout, whilst lengthening it by swinging it backwards and forwards in 
the 2-ft space, and occasionally swinging it round over his head, until a cylindrical piece of glass 
is produced. Fig. 3251, about 11 in. diameter and about 50 in. long, closed at one end, and having 
the blow-i)ipe attached to the other end. The blower first opens the closed end as follows : enclosing 
as much air as possible within the cylinder, and stopping the mouthpiece of the pipe with his han{ 
he exposes the end of the cylinder to the heat of the furnace, which, whilst soil^ing the glass at 
the end, expands the contained air to such an extent that a small hole is burst in the glass, as in 
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improTement oyer the old method of pushing the flattened sheet whilst in a soft state. The moy- 
able bed N is either of clay or stone, and by careful work is made as true as possible ; upon this a 
sheet of glass is first flattened and left there to flatten others upon, in order to obtain sheet glass 
with as true a surfiaoe as possible. The split cylinder to be flattened is gradually introduced into 
the flattening kiln, being placed flrst at O and then at P, and when suiBciently wanned is placed 
upon the glass bed N, with its split side uppermost ; the heat soon softens it, so that with a alight 
assistance from the workman it lies down nearly flat on the bed N, and the sheet is afterwards 
carefully rubbed as flat as possible with a piece of wood flzed to tiie end of an iron rod. The 
movable bed N is now pushed forwards into the annealing kiln If, as shown by the dotted lines, 
and after placing another cylinder to warm at O and P, the workman removes the flattened sheet 
iiom the carriage N by means of a tool like a fork, and places it upon a prepared part of the floor 
of the annealing Idln M, to stiffen previous to piling it. The carriage N is now returned to the 
flattening kiln Jj, and the flattening operation repeated till the carriage again appears in the an- 
nealing kiln M. The previously-flattened sheet is first piled on its end against one side of the 
kiln at B. and then the last flattened sheet is removed off the carriage N, and left to cool on the 
floor of tne annealing kiln, like the previous sheet. This flattening process is continued until 
the annealing kiln M is filled, when it is closed up, and allowed to cool, generallv from twenty- 
four to thirty-six hours, the time being regulated by the thickness of the glass. On the comple- 
tion of the cooling, the kiln M is opened, and the sheets of glass are taken to the warehouse, where 
thev are sorted to suit various purposes, a very large portion being packed and sent away without 
undergoing any further process. 

8. Poliahing. — ^The sheets intended to be polished are now selected, and pass through the third 
process of the manufacture to produce polished sheet plate. Two processes are necessary for this 
purpose, smoothing and polishing. 

Smoothing conaisto in working two sheete of glass one upon the other, by hand, with emer^ and 
water between them ; and as their surfaces become obscured, finer and finer emery is used until the 
surfaces are smoothed fre»from all defects. The appamtus used consists of a wooden bench, one 
half of which is 6 in. higher than the other ; upon the former is placed a slab of slate about 14 in. 
thick, larger than the sheet of glass, having as true a surface as possible. Upon this slab a sheet 
of glass is laid, with a piece of wet calico between the surfaces of the glass ana the slab ; by exert- 
ing a gentle pressure upon the glass the air is expelled from between them, and the sheet of glass 
is consequently held down upon the slab by the whole atmospheric pressure upon its surface, which 
holds it so firmly that when the sheete have to be raised from the slab many are broken, even by 
experienced workmen. The wet calico is used in this case instead of plaster of Paris for bedding 
the flJieet of glass upon the teble. In consequence of the close adhesion caused by the atmospheric 
pressure when the surfaces of the two sheete of glass get so true as to become closely in contact, it 
is impossible to work two large sheete one upon the other with the finest emeries, and it therefore 
becomes necessary to perform the latter portion of the rubbing process with a small piece of glass, 
say about 10 in. by 5 in., until the process is completed. Both sides of the sheet of glass having 
been smoothed in this manner, and after a careful examination found free from defect, the sheet is 
then handed over to the polishing machine. 

The perfection of the smoothing process is entirelpr dependent upon the purity of the emery, 
and the perfect uniformity of the grain in each successive quantity employed ; and consequently a 
very perfect process of cleansing and sorting the emery is requisite. The ordinary ground emeir 
oonteins, besides numerous degrees of fineness of grain, many impurities, which must be removed, 
and the good emery must ahio be accurately sorted into portions varying in size of grain from 
coarse to the finest. For every degree of fineness a separating vessel or cylinder is required ; and 
tekinff No. 1 as the coarsest ouality, that cylinder is made the smallest in the series. No. 2 cylinder 
about twice the capacity of No. 1, and No. 8 twice the capacity of No. 2 ; and so on throughout the 
required number of cylinders. The emery-eortiog apparatus is shown in Fig. 8257, and consiste of 
the required number of cylinders, fixed so that No. 1 cylinder is about 3 in. higher than No. 2, and 
No. 2 the same height above No. 3, and so on. The cylinders are made of copper, and inside each 
is fixed a copper funnel S, long enough to reach within 3 or 4 in. of the bottom of the cylinder ; and 
in the bottom of the cylinder is a hole closed by a wooden plug, or a valve T, of about 3 or 4 in. 
diameter, which is held up by the rod and spring balance if. Tlie action of the apparatus is as 
follows ; — A supply of water being mainteined by the cistern Y, a constent stream is delivered by 
means of the tep W into the ftinnel of No. 1 cylinder; the water descends through this funnel to 
the bottom, and ascends through the annular space to the top of the cylinder, whence it is conveyed 
by the spout X and poured down the funnel of No. 2 cylinder, ascending in the annular space of 
No. 2, and passing by the spout to No. 3 funnel ; this is repeated as often as there are cylinders, 
and from the last and largest cylinder the overflow is carried to a drain. When the stream of 
water is running through all the cylinders, and also passing away at the overflow, the powdered 
emery to be deai^ed and sorted is sprinkled into the funnel of No. 1 cylinder, and this is continued 
until enough has been fed to fill up to within } in. of the bottom of the ftmnel. No. 1 being the 
smallest cylinder, the current of water through it will be the fastest, and the grains of emery left 
behind in this cylinder will consequently be the coarsest. The feeding of the emery is then 
stopped for a short time, and the stream allowed to continue until the water is running quite clear 
into the funnel of No. 2 cylinder. The valve T at the bottom of No. 1 cylinder is now opened, 
allowing the emery and water to fall into a vessel placed beneath to receive it ; and as soon as the 
stream of water is again runnifig through all the cylinders and passing away at the overflow, more 
emery is again sprinkled into No. 1 funnel. The succeeding cylinders are emptied in the same 
way, as they respectively become filled with the finer sorte of emery. The beauty of this process is 
the simplicity of apparatus required, and the certeinty of always obtaining an exact repetition of 
the several degrees of fineness in the respective cylinders. It will be observed that, in consequence 
of the cylinders increasii^ successively in capacity, the current of water ascending in the annular 
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BBme purpose, made np with YarionB pigments, as silica oohura. It probably would also make an 
ezoellent artificial marble, capable of oeing moulded into architectural ornaments, or spread as a 
plaster en walls, when made up with proper proportions of porcelain clay, or, perhaps, eren chalk 
or plaster of Paris, with a slight admixture of borax. It was first obtained by Fuchs, at Munich. 
In fact, if a coat of this solution be applied to any stuffy it remains covered, after drying, with a 
transparent and fusible yamish, which preserves it from the air ; and it bums with difficulty, 
because the silicate prevents the access of the air. The stuff merely carbonizes, and does not 
favour the progress of the fire, as would be the case if its surface were free. Many fusible and 
non-efilorescent salts, among which are the phosphate and borate of ammonia, would produce the 
same effect The silicates of potassa and soda are distinguished by the property of not crystallizing 
on cooling after fusion, owing to their passing from the state of perfect liquidity to that of a solid, 
not suddenly, but through all the intermediate doughy conditions. This property accompanies the 
alkaline silicates in their combination with the other metallic silicates, and is very important, as it 
facilitates the working of these multiple silicates by blowing; and, moreover, the substance retains 
its transparency after cooling. 

Silicates of Lime, — The silicates of lime melt at only very high temperatures. The most fusible 




sscrya 

the oxygen of the base and that of the acid, do not fuse completely, only softening in the highest 
heat that can be produced in a forge-fire. 

Silicates of Magnesia. — ^The silicates of magnesia are as difficult of fusion as those of lime. The 
most fusible is that of which the formula is MgO, SiO, ; it melts in a strong forge-fire. 

Silicates^ Alumina. — The silicates of alumina are still more infusible than those of lime and 
magnesia. The silicate A1,0„ 3SiO^ which appears the most fusible, merely softens in a forge-fire. 
All these silicates melt easily in the oxyhydrogen blow-pipe ; for we know that alumina and dlex 
melt separately in the powerful heat produced by this apparatus. 

Silicates of the Protoxide of Iron and Manganese. — ^These silicates, which enter into the composi- 
tion of some kinds of glass, melt much more readily than the silicates of the earths and those of 
the alkaline earths. The silicates FeO, SiO, and MnO, SiO, may be melted in the common fur- 
naces of our laboratories ; they all crystallize easilv by slow cooling. 

Silicates of Lead. — The silicates of lead are f iisible in proportion to the quantity of oxide of lead 
they contain; that showing the composition PbO,SiO. melts at a strong red-heat. The silicates 
of lead crystallize with difficulty ; the cooling muist take place very slowly, in order to obtain any 
indices of crystallization in the mass. 

Multiple Silicates^ formed hy the Alkalies^ the Alkaline Earths, the Earths, and Metallic Oxides.^ 
Several multiple silicates, in the form of beautiful crystals, are found in nature. We know that 
feldspar is a aouble silicate of alumina and potassa, of the formula KO, SiO, + A1,0„ SSiO,. This 
min^al melts in a foige-fire, and does not crystallize during the very slow cooling of a porcelain 
furnace; but crystals of this compound have been found in the fissures of iron blast-furnaces, 
showing the same form as those of native feldspar. When the alkaline silicates are melted with 
other metallic silicates, vitreous substances are generally obtained after ooolins, which appear 
homogeneous* and crystallize only when the cooling is extSremely slow. But it is difficult to decide 
whether these substances are formed by a homo^neous chemical combination, or whether they 
merely result from a solution of various silicates m each other ; a solution which has set in mass. 
Without crystallizing during the process of cooling. The temperature at which a nHultiple silicate 
fuses Ib almost always below the medium temperature of fusion of the various simple siliccCtes 
which compose it ; sometimes it is even below that of the most fusible silicate entering into the 
combination. Thus, the simple silicates of alumina and lime are nearly infusible in our forge-fires, 
but they form, when combined, double silicates which readily melt in these fires. By adding to a 
silicate which crystallizes easily on cooling one which has not this tendency, for example, an alka- 
line silicate, double silicates are obtained, which crystallize with great difficulty, and preserve their 
vitreous appearance after cooling. Thus, the double silicates of potassa or soda, combined with 
those of lime or oxide of iron, do not crystallize after fusion. Silicate of alumina likewise opposes 
the cryLtallization of the multiple silicates into which it enters, although less effectually ^han the 
alkaline silicates. The silicates of potassa and soda lose b^ volatilization a large proportion of 
their bases. Thus, it may be explained how the multiple silicates containing alkaline silicates 
become less and less fusible as these are allowed to remain for a longer time in furnaces at a very 
high temperature, and acquire, with time, the property of crystallizing by slow cooling, at the same 
time losing their vitreous apneiBurance. 

We have seen that the alkaline sUicatee which contain a largre proportion of alkali are soluble 
in water. When they contain more silex, they are not attacked l>y this fiuid, but they may be by 
powerful acids ; but when they are still richer in silex, even acids do not affect them. The silicat^ 
of lime, alumina, and oxide of lead are attacked by acids when they contain a large proportion of 
base, but they are intangible when rich in silex. Fluohydric acid, however, decomposes every 
silicate, whatever proportion of sUioio acid it may contain, for it attacks c[uartz itself. By com- 
bining the alkaline sihcates with silicate of lime, double silicates are obtained sufficiently fusible 
to be worked by blowing, and nevertheless containing enough silicic acid to resist the action of 
adds. 

We shall divide the various kinds of glass into three grand classes ; — 

1st. Common colourless glass, which is a double silicate of lime and potassa or soda. 

2nd. Common coloured glass, or bottle glass, a multiple silicate of lime, oxide of iron, alumina, 
and potassa or soda. 

8rd. Crystal, which is a double silicate of potassa and oxide of lead. 

Ist. Colourless Olass.— Common oolonrless or white glass, which is used for making tumblers. 
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window glass, and lookiog-glaaBee, is a double silicate of lime and potassa or soda, either of these 
being preferred according to its price. Carbonate of eoda being much cheaper in France than 
carbonate of potassa, is almost exolusiTely employed in the mannfaoture of white glass ; in Germany 
and the north of Europe the potassa, being cheaper, is preferred. The selection of these bases is 
not a matter of indifference. Soda yields a more fusible and easily-worked glass, but it is always 
more or less coloured by a greenish-yeUow tinge, not perceptible when the glass is very thin, but 
very decided when it is thicker, as, for example, in a window-pane. 

The most beautiful glass having a base of potassa and lime is the Bohemian. This glass, made 
with the utmost care uom choice materials, is remarkable for its lightness, its brilliant trans- 




-glass of Bohemia. This proportion is as 1 : 1 in the glass used for mirrors, 
in which great fusibility is required. The proportion of silez is increased in order to make hard 
and infusible glass ; in this way the Bohemian glass tubes for diemicwd purposes are made, as they 
are much less fusible than the French glass, and therefore preferable for organic analysis. The 
silex used in Bohemia is the hyalin quartz of the old rocks, found in the form of Isurge pebbles in 
the fields or the beds of the mountain streams. This ouartz is heated to a strong rea-heat in a 
reverberatory furnace, and then thrown into cold water, by which it becomes yery friable, and is 
then, without difficulty, finely powdered b^ stampers, or ground by edge-stones. The carbonate of 
potassa used in the manufacture of Bohemian glass is the refined carbonate ; neverthdess, this salt 
IS never pure, some carbonate of soda always being mixed with it. The crude potashes are carefully 
selected and refined by solution : the crude potash, on being treated with one-half its weight of 
water, leaves the foreign salts, as well as a considerable quantity of carbonate of potassa, as a 
residue. The solution yields, when evaporated, potassa for the manufacture of first-quality glass, 
while the remainder serves for that of an infenor quality. The lime is obtained by subjecting a 
very pure and often perfectly white saccharoid carbonate of lime to calcination in a reverberatory 
furnace. 

When these materials, however carefully they mav have been selected, contam a small quantity of 
protoxide of iron, a greenish tinge, which greatly lessens its commercial value, is imparted to the' 
glass. This discoloration is remarkably destroyed by adding to the mixture a small quantity of 
peroxide of manganese. The protoxide of iron imparts a deep green colour to glass, when present 
m any quantity ; but, if converted into a sesquioxide, it gives a scarcely perceptible yellow tinge.* 
Sesquioxide of manganese colours the glass violet; but a corresponding quantity of protoxide 
scarcely produces a sensible change. If, therefore, to a mixture to which protoxide of iron would 
fXYB a high colour, a quantity of peroxide of manganese sufficient to transform the protoxide of iron' 
into a sesquioxide, by passing itself into the state of a protoxide of manganese, is added, a nearlr 
white glam is obtained; for the colour it Uien has is due only to the sesquioxide of iron, which 
produces a scarcely perceptible yellow tinge, the protoxide of manganese effecting no colouring at 
all. But it is important not to use an excess of peroxide of manganese, because the glass would 
have a violet shade, owing to the formation of sesquioxide of manganese. Peroxide of manganese, 
on account of this special use, is called the ghsa-maker's soap. Frequently, also, a small quantity of 
arsenious acid is added to the mixture : as this acid is completely volatilized during the melting 
of the glass, none of it remains in the objects manufactured : its object is merely to render the 
mixture more homogeneous, or to facilitate the refining of the glass. By volatilizing at a high tem- 
perature, it forms bubbles of gas, which, on traversing the fiuid mass, mix its several particles 
together, and precipitate the solid material scattered through it. 

The fuel used in Bohemia is a resinous wood, burning with a bright fiame, and causing a very 
rapid fusion. The air of the furnace being always oxidizing, no alteration of the glass need he 
feared by the carbonaceous dust or other particles contained in the smoke. An admixture of carbon 
would considerably injure the quality of the glass, and discolour it ; but when it exists in small 
quantity, the glass assumes a beautiful yellow colour. These coloured glasses are often made 
expressly. When it is present in somewhat greater quantity, the glass assumes a purple-red colour. 
Peroxide of manganese opposes also this discoloration of glass by carbon, an accident which 
frequently happens when the furnace has no proper draught. In some glass-houses, it is prevented 
by the addition of a small quantity of nitrate of potassa. 

A white glass of first quality is made by melting together 110 parts of pulverized quartz, 64 

is of refined carbonate of potassa, and 24 parts of caustic lime. 

In other glass factories in Bohemia beautiful tumbler-glass is made of a mixture of 120 parts of 
pulverized quartz, 60 pckrts of refined carbonate of potassa, 25 parts of caustic lime, } part 
of arsenious acid, 2 parts of peroxide of manganese, and 2 parts of nitre. 

First-quality white glass is made in France of white quartzose sand, artificial soda, quiokHme^ 
and a certain proportion of fhigments of glass : in this glass the ratio of the oxygen of the silicic 
acid to that of the united bases u ordinarily as 4 : 1. This composition gives an easily fusible but 
slightly tender glass. When a harder glass is desired, the proportion of silicic acid is increased. 
A fine sand, as white as possible, is selected, and sometimes made more friable by heating it to 
redness, and throwing it in that state into cold water. The sands from Aumont, near Senlis, ticm 
Etampes and Fontainebleau, are highly esteemed, and are exclusively used in the glass &otories in 
the environs of Paris. The lime is ootained from a limestone as pure as possible, and previously 
calcined in an oven to drive off the carbonic acid ; it is then exposed to the air, and falls to dust. 
It is sometimes used in the state of carbonate of Ume. finely powdered. Very white chalk, as that 
from Bougival, near Paris, is perfectly adapted to this purpose. For first-quality white glass, the 
carbonate of soda obtained in the manufacture of artificial soda is used. For the inferior qualities, 
sulphate of soda, which is cheaper than the carbonate, is substituted ; but as the sulphate of soda 
is cteoomposed by silioic acid only at a very high temperature, at which the crucibles would soon be 
deslaxyyed, a oerteio quantity of charcoal is added : this facilitates its decomposition, by abstracting 
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of aoda and oharooal ; and 50 to 150 parts of broken glass, or eullet These materials, intimately 
mixed, are set to frit in an arch of the furnace, where they are tamed from time to time, in order 
to render the mixture more uniform. The fire on the grate is made to bum actively after the 
working holes of the furnace have been dosed. The workman deposits the frit in the pots, 
removing it red hot from the aroh with a shovel ; after the addition of each shovelful he waits until 
the material is melted before adding another, and so on until the pot is filled. He then leaves it 
to itself for several hours, in order to clear it of bubbles of air and foreign substances which rise 
to the surfSaoe. These substances, called glasttgaii (also called aandiver or, commonly, saitsy, are 
formed by alkaline salts in excess, which have not been decomposed by the silicic acid ; they are 
particularly numerous when impure carbonate of soda has been used, or when a mixture of sulphate 
of soda and charcoal has been substituted for it The workman generally removes them with an 
iron ladle. From time to time he extracts a small quantity of melted glass, and judges of its 
qualitv by its appearance after solidification. 

When the glass is sufficiently fused, the temperature of the furnace is lowered, in order to bring 
the glass to a consistency fit for working. We shall not attempt to describe the processes of glass 
blowing in detail, but merely that adopted in France for the making of window glass. 

The pipe, Fig. 8260, is the principal tool of the master-blower. It is an iron tube, 1""50 in 
length, having a perforation through its long axis of 3 millimetres in diameter ; it is covered 
externally, to a distance of about 35 centimetres, by a wooden tube c d^ to protect the workman's 
hand from the intense heat. At the end of each bridge L, Fig. 3259, is a small platform, of the 
height of O'B'ed, protected by an iron plate, called the marver. on which the workman moulds the 
doughy glass. Fig. 3261, adhering to the end of the pipe iuto tne proper shape for blowing. Near 
the marver is a wooden block, containing several hemispherical or pear-shaped cavities, which are 
kept constantly moist. The pipes are heated in a small opening at the base of the f^mac-e. The 
workman, taking one, dips it into the glass, collects a certain quantity, withdraws it, and turns it 
BO that the fiuid glass may not separate, then collects an additional quantity, and hands the pipe 
thus charged to the master-blower. Tlie latter, having received it, rests it on the iron platform, 
always turning it, dips it again into the pot, and then returns quickly to the platform with a mass 
of red-hot gla^ and rei^ it, still keeping up the rotary motion, in the water which fills the cavity 
of the block. He then draws the greater portion of the glass which envelops the sides toward the 
end of the pipe, by means of a sheet-iron blade, Fig. 3262. The mass of glass, cooled by the watei; 
but adhering to the end of the pipe, is carried back to the working hole to be softened. When the 
workman thinks it is soft enough, he withdraws the pipe, and reoommouces the same manipulation 
in the water, but at the same time blows in the pipe, so as to give the glass the shaue of a sphere 
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of about 8 decimetres in diameter. Fig. 8263, and then suddenly lifts the pipe iuto the air, and 
blows the sphere above his head. The upper part of the sphere then sinks by its own weight, and 
the bulb spreads horizontally. Fig. 8264. By suddenly dipping the pipe, the sphere assumes the 
shape of Fig. 8265. The workman then swings the pipe bacKward and forward, like the pendulum 
of a dock, blowing from time to time through the pipe while making this movement, so that, by the 
simultaneous action of weight and blowing, the glass balloon elongates and assumes the shape of 
a cylinder, Fig. 3266. The glass cylinder 'can rarely be brought to the proper dimensions by one 
op«ration« but generally must be heated several times in the oven. When the cylinder is finished 
the master-blower rests the pipe on a portable hook which the assistant arranges in the direction 
of the working hole ; and intrtxlucinff the cylinder into the furnace so that its end becomes excea- 
sively heated, blows through the pipe with the whole force of his lungs, until the cylinder is 
pien^ The piercing of the cylinderis also often effected in another manner. The assistant fastens. 
oy means of a pipe, a small quantity of very hot glass to the extremity o of the cylinder ; this end 
the workman alps into the oven, and blows forcibly through the pipe, or simply stops its orifice 
with his finger. The pressure of the internal air bursts the end o, where tne glass has been 
•ollened by the drop of hot glass, Fig. 8267. The workman then removes the cylinder from the 
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whole length of the oven. A nnmher of nanes are thus heaped on each other, nntil the workman 
deems it sufflcient A aeoond horizontal bar is then arranged, on which additional panes aie 
diBuosed, and so on nntil the compartment U is nearly fiUed. The fomaoe is then allowed to cool : 
ana the glaa«, when withdrawn, is ready for sale. Clock-shades* decanters, tumblers, &e., are made 
of the same glass. Inferior glass artidea^ such as common window glass, apothecaries' phials, &a, 
are made of less pure materials ; they are commonly coloured ereen by protoxide of iron. 

In France, the base of plate glass is a mixture of soda and lime, and the oxygen of the silido 
acid is to that of the united bases as 6 : 1. For the aame quantity of lime, a quantity of carbonate 
of soda is added double of that contained in window glass, because it is necessary to gi?e ereater 
fusibility to plate glass. In the plate glass factory of Baint-Gobain, which is the larsest in France, 
the mixture ia made of 800 parts of verv white quartxose sand, 10 J parts of dried> carbonate of soda, 
43 parts of lime slaked in the air (fallen lime), and 800 parts of oullet. The materials are most 
carefully selected and purified ; for it is essential to obtain as white and perfect a glass as possible. 
Melting furnaces similar to those described are used, but thev are always heated by wood. I'he 
materiu passes successively into two pots ; it is first melted in a oonical one, into which it is 
gradually poured unUl the pot is nearly filled. This ftision requires fifteen to sixteen hours; it ia 
then allowed to fine, by rest, at a high temperature. Workmen then remove the liquid glass with 
copper ladles, and transfer it to smaller square pots, called cuvetteSf placed in the furnace on the 
same shelf and alongside of the melting pots. When the transfer has been elTected, the workine 
holes are dosed, to restore fluidity to the glass ; the cuvettes are then removed on a peculiar kind 
of cart, and brought above a very smooth bronxe table, previously heated by red-hot coals laid 
thereon. The fluid glass is poured on this table, spreail out, and smoothed bv means of a cylinder 
or roller; when cooled it is placed in a ftimaoe and again heated, in order that it ma^^ easily bear 
changes of temperature. It is then divided into pieces of the requisite size, leaving out the 
defective portions, and pofisked, by fixing the glass on a stone table with plaster, and rubbing it 
wilh quartzoso saxid, by means of a second piece of glass smaller than the nrst In making large 
Rlasses, several pieces, set in motion by a machine, are used at onoe. The surfaoe of the glasa thus 
becomes perfectly smooth, and is rough-'ground, but as yet unpolished. The final polish is given by 
rubbing tne sur&ce first with finer emery, diluted with water, and then rubbing it with coloothar, 
also diluted with water, by means of heavy polishers covered with felt 

2. BoUU Glass, — ^Bottles are made of cheap materials, because it is important that their price 
should be low, and the peculiar colour is not a matter of much importance. The most ochreous sands 
are frequently preferrea, because the oxide of iron they contain imparts fusibility to the glass. Pure 
alkaline carbonates being too expensive, the alkaline material is ftimished bv the crude sea-soda 
and wood ashes. A considerable portion of washed ashis, called spent asnes, is added, which 
introduces the silicates of alumina and potnssa. liastly, a large Quantity of cullet is noured into 
the mixture. In bottle glass, the oxygen of the silicic add is double or treble that oi the united 
bases. The following is the composition of a mixture used for bottle glass ; — 



Ochreous sand 
Soda from seaweed 
Fresh ashes .. 



.. 100 
40 to 60 
SO „ 40 



Spent ashes 150 to 180 

Ochreous day .. .. 80 „ 100 
Oullet 100 „ 150 



Bottle glass is of various colours. That of French bottles is a deep green, owing to protoxide 
of iron; thode made in certain piirts of Germany have a browni^-yeUow hue, produced by a 
mixture of the ses^ uioxides of iron and manganese. Bottle-glass ftimaoes generally contain six 
pots of the largest size. The fusion should be lapid, to economize the fuel. The pots l>eing entirely 
filled with the mixture, the fire is stirred up to effect the fusion, and when the material is liquid, 
a fresh quantity is added ; seven or eight hours are required thus to fill the pots with mdted glass, 
after which the work is begun immediately, the sandiver first being removed. The furnace is 
allowed to cool until the material has acquired the degree of consistency proper for worldng. 

The pipes having been heated in the holes at the bottom of the fuximce, an assistant dips one 
into the melted glass, collecting as much of it as he can, and withdraws it by a continuous rotary 
motion. When the gloss has become suffidently consistent not to bend on itself, he collecte some 
more, and so on ; when he has gathered enough to finish a bottle, he passes it to the blower, who 
applies the elass to the left face of the marver, turning the pipe constantly, in coder to fadiion the 
neck of the hottle ; at the same time be compresses the glass at the end of the pipe by means of 
the sheet-iron plate, Fig. 8262, and then blows through the pipe, so as to give the glass an Qgg-lika 
form. Fig. 827U. He then rests the glass against the edge of the marver, marks the neds of the 
bottle, heata the piece in the furnace, withdraws 
it, and blows it, after having introduced it into 
a bronze or earthen mould of the proper size. 
When the bottle is formed, the blower withdraws 
it from thetnoultl, and by a see-saw motion raises 
it on high. Fig. 8277, and indents the bottom of 
the bottle, by means of an instrument. Fig. 8278, 
called the punty or pontU^ consisting of a small 
square piece of sheet iron, the angle of which 
rests on the centre of the bottom of the bottle, 
while it revolves on the pipe. Then, taking a 
drop of water with the punty, he applies it to the 
neck of the bottle, which is immediately carried 
to a small cavity in the side of the ftnrnace, and 
separated from the pipe by a dextrous jerk. The bottle being thus prepared, the blower turns it 
and fastening the pipe to ite base. Fig. 8279, extrscto ftom the pot with another pipe a small quantity 
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of melted glass, which elongates like a thread ; the end of this he hrmgs to the neck of the bottle^ 
and by a rotaiy motion Borroands the mouth with a small glass oord ; he then intioduoes the neck 
into the working hole, and finishes the mouth with pincers. The bottle being oompleted, an 
assistant takes it from the hands of the master-workman, carries it to the annealing furnace, and 
detaches the pipe by a dextrous blow. The bottles are arranged in rows, upon each other, in the 
annealing furnace, the heat of which should be kept below a dull red. When it is filled, the work- 
ing holes axe olo^ed, and it is allowed to oool. Modem annealing furnaces are composed of a long 
SiUlery, heated by a furnace in the centre, and terminating by doors at either end. This longitu* 
inal furnace is traversed by an endless iron chain, to which iron carts are attached containing the 
objects to be annealed. They enter at one end, and are withdrawn at the other, after having 
remained in the furnace long enough to be properly annealed. 

3. Crystal is a kind of glass used only for the fabiication of articles of luxury : it must therefore 
be very transparent, perfectly homogeneous and colourless, and the greatest care must be exercised 
in the selection of the materials for its composition. Crystal is a double silicate of potassa and 
oxide of lead, the composition varying greatly in the difierent &otories ; the proportion of the 
oxygen of the silicic acid to that of Sie united bases ranges from 6 : 1 to 9 : 1. The ratio of 
the oxygen of the potassa to that of the oxide of lead ren^ between still wider limits, namely, 
from 1 : 1 to 1 : 2'5. By increasing the proportion of oxide of lead, greater density and higher 
refracting and dLspersing powers are imparted to the crystal, which produce in cut glass the 
beautiful effects of colour by transmitted light. But the proportion of the oxide of lead cannot be 
increased indefinitely, because the crystal, in that osse, acquires a yellowish tinge. The finest and 
purest sand is chosen for the manu&cture of crystal ; the carbonate of potassa employed is refined, 
and the ordinary oxide of lead or litharae is not used, because it always contains some particles of 
metallio lead, which would be scattered thronirh and injure the glass. Minium, an oxide of lead 
of a degree of oxidation superior to the protoxide, only is used : this oxide cannot contain metallio 
lead, and the oxygen* it evolves when heated prevents the reduction of any lead by the carbonaceous 
dust or particles of other substances which may fall into the pot. The ordinary proportions for 
tumblers, decanters, &a, are 300 parts of pure sand, 200 parts of minium, and 100 parts of purified 
carbonate of potassa. 

Crystal-glass furnaces are generally heated with wood ; in some, however, ooal is burned, but in 
that case the shape of the pots must be changed. Coal produces a very fuliginous smoke, the 
deoxidizing^ action of which it would be verv difficult to prevent, if the glass were melted in open 
pots; peculiarly diaped pots, Fig. 3280, caUed covered crucibles, or muffles^ are therefore used ; their 
vertical opening is placed in front of the working hole of the furnace. 

Many articles are made of crystal by blowing, but it is also cast ip great quantities in bronze or 
wooden moulds, whioh latter are kept moist, so as not to carbonize too rapidly. 

3280. 338U 3283. 8283. 





3S84. 



The glass tubes used by chemists, and also thermometer tubes are made by a particular process, 
whioh we shall biiefiy describe. The workman gathers on the end of his pipe a certain quantity 
of glass prepared as usual ; he then blows it into the shape of a pear. Fig. 8281, which he makes 
larger or smaller, thicker or thinner, according to the size and thickness of the tube required. 
Another workman has also gathered some melted glass on the end of a pipe, and applies it to tiie 
bottom of the bottle. Fig. 3288 ; the two workmen then recede rapidly from each other. The glass 
pear is then drawn out, as seen in Figs. 3283, 3284, and is converted into a tube terminating into 
two swollen extrcmitiea Tubes of 80 or 45 metres in length are thus made; they aro laid on a 
wooden floor, and divided into lengths of 1 mMro each. It will be seen that the external diameter 
of these tubes is nut equal tiiroughout its whole length, being generally smallobt toward the centra; 
neither is the internal calibre moie regular, and it is raro to find a tube possessing the same 
internal diameter throughout its whole length. 




used 

poniLle, and perfectly homogeneous ; great care is therefore required m the choice of the materiahi 
entering into its composition, and they must be refined expressly. Ordinary flint glass is manufac- 
tured of 100 parts of white sand, 100 parts of minium, and 30 parts of very pure carbonate of pota — 




of oullet of the preceding flint. v v ai. 

The melting furnace. Fig. 32^5, contains only one oovered orudble or pot, mto which tne 
mixture is gradually introduced by small portions at a time, alwavs waiting until the preceding 
charge has become perfectly fluid. Eight or ten hours are required for the whole charge of a pot 
A strone blast is then applied, and kept up for four hours, to render the mixture perfectly fluid. 
When tnis is effected, a hollow cylinder a 6, made of fireclay, previously heated to redness, and 
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transparent. A peculiar art was attempted to be founded on this property, which consisted in 
making objects of blown glass, and then destroying their fusibility by devitrification. This devi- 
trifled glass was called R^aumuf^a porcelain ; but the manfaoture of it has been abandoned. 

Olass containing a large proportion of alkali changes by exposure to moist air, its surface becoming 
rugose and cracked. Frequently an excessively thin pellicle of altered glass forms on it, producing 
the same play of colours as a soap-bubble, or a drop of oil on a large surface of water ; an alteration 
produced oy the surface of the glass parting, after a long time, with a portion of its alkali. It is 
particularly remarkable in pieces of glass which have remained buried for years in a damp soil. 
These pieces are sometimes found to have entirely lost their transparency, to be swollen, and 
cleavable into very thin lamellsa : then they exhibit the same play of colomrs as mother-of-pearl. 

Various small objects are made of the glass tubes of oommeroe. For this purpose an oil lamp, 
generally made of tin, Fig. 3287, fed by a bellows, and called an mumciUn'*8 lamp^ is used. The 
wick is of cotton, and does not project very high. The 
bellows is worked with the foot : the blast of air is conveyed 
by a pipe which can be turned in various directions. By 
properly arranging the wick, and modifying the inclination 
of the pipe, and adapting a proper aperture to it, a flame of 
any size may be obtained at pleasure. When working with 
a plumbeous glass, or crystal, the flame must be made oxi- 
dizing by admitting a greater quantity of air ; for if the flame 
were reducing, oxide of lead would be brought to the surface 
of the glass in the state of metallic lead, and the glass 
would be blackened. It is important not to heat the 

glass too suddenly, lest it should break; it is therefore first held for a few moments beforo the 
ame, and brought by degrees into the hottest part 
In order to bend a glass tube, it is heated to the distance of 3 or 4 centimetres on each side of 
the point of flexion, turning it constantly, so that its wholo periphery may bo uniformly heated. 
As soon as the tube is sufficiently soft to yield to a slight force, it is bent ; but it is important not 
to make the curve too short, because the tube would be mis-shaped and brittle. The tube is there- 
fore not heated at the point where it was begun to be bent, but the flame is directed on the adjacent 
part, so as to make a small arc of a circle. Tubes can be bent in an alcohol lump even more readily 
than in an -enameller's lamp, for it is better not to have the glass too hot. 

In order to close a tube at one end, a longer tube is heated in the enameller's lamp, at the 
point of closure, turning it constantly in the flame. As soon as it is perfectly soft, both ends are 
gently drawn out, still turning it. The tube thus takes the shape of Fig. 3288. The point of tho 
flame is then directed to the i>oint a of the narrow part, and the two halves of the tube are sepa- 
rated, each of which will furnish a tube dosed at one end ; the ends are then rounded and mado 
more uniform in thickness. To do this, the end is again heated in the lamp, blowing into it occa- 
sionally, to round it. Lastly, a boi-der is only re(^uired to qpmplete it, which is made by simply 
heating the 
mouth made 
which means 
end is heated 
soldered together, and tHe operation is then continued as just described. 
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It IS frequently necessary to solder a smaUer tube o <f. Fig. 3290, to the end of a larger one a h. 
The larger tube w then drawn out, in the lamp, tiU it is of the silse of the smaller one, and the 
tube a 6 IS next closed at the point b of the narrow part, by placing the part 6 in the point of the 
flame, and tummg the tube between the fingers. Then, after having heated the closed end to soften 
It, a very thin sphere, which bursts by blowing through the opening a, is formed at the end 6. By 
means of a file the ghiss is separated so as to leave only a widened edge-border at the end L 
Tho same is done to the end c of the small tube ; tho ends 6 and c are then exposed to the flame, 
opposite to each other, turning them constantly, after having previously closed the end a with a 
cork. When these ends are sufficiently softened, they are pressed firmly against ^ach other, the 
joint IB equaUy heated throughout, and from time to time the operator blows through the small 
tube, in order to prevent the solder from forming a ring. Lastly, it is drawn out slightly, so that 
no swelling may exist at the point of union. 

If a narrow tube c d. Fie. 3292, is to be soldered to the side of a larger tube a 6, the point of the 
name, after having rendered it as sharp as possible by a proper arrangement of the pipe and lamp- 
wick, IS directed on the point <?, Fig. 3291, of the tube a b. When it is sufficiently softened, the 
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end of a glaoB point, also heated, is fastened and drawn quioklv forwaid : thus a point 0/ is formed 
on the tube a 6. This point is closed in the lamp ; then, havio;;^ stopped the end k with wax. the 
point ef is again iutroduoed into the flame, and when it is in fusion, a very thin sphere, which 
bursts, is formed by blowing through the open end /. A portion of the glass is filed ott; the edges 
of the aperture are melted. Fig. 3292, and after having closed the end / with wax, the end e of the 
small tube, also heated, is brought in contact with the opening e. The joint is formed by gradually 
heating all its parts, and blowing from time to time through the opening d. 

If a globe is to be blown at the end of a tube, the tube is olosea in the lamp, and by oontinuing 
the action of the flame, a mass of glass, large enough to make the globe required, is collected at 
this end. This mass of glass being very soft, the tube is gradually extended by blowing gently 
into it. It is then heated again uniformly, and afterward, by constantly turning the tube and 
blowing gently, a globe of any size may be produced at pleasure. When the globe is to be large, 
and still be at the end of a narrow and thin tube, it is better to blow the gtobe separately on a 
larger tube, and then solder it to the narrow one. To do this, the larger tube is drawn out between 
two points, Fig. 8293, by the process before stated ; one end, a, is dosed in the lamp, and then 
the part A heated in the flame, so as to soften it completely. Lastly, the operator blows through 
the end 6, turning it constantly, until the globe has attained the size required. The globe is then 
soldered to the tube. But as the globe is still terminated by a point, the latter is placed in the 
flame, and by blowing eently after having softened this part of the globe, it is distended so as to 
cause the small piece of glass to disappear. The bottles which are to contain the volatile liquids 
intended for analysis are olown in the same way. 
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In order to fashion a funnel at the end of a tube, as, for example, on safety^tnbes, a globe 
drawn out between two points. Fig. 3294, is soldered to the end of the tube, and then the point ab 
is detached, Fig. 3295. The part a, as well as the end of the globe, is heated, and when they are 
very soft, a smart blow of wind through the tube is ^ven ; thus a second irregular and very thin 
globe. Fig. 3296, fastened to the flrst, is produced ; this is broken and the glass detached by means 
of a flle. Fig. 3297, so as to leave only an edge, which is melted in the lamp, and properly widened 
by an iron rod, Fig. 3298. 

In order to break a glass tube at any given point, a mark is made on it with a Run-flint or a 
very sharp three-edged file ; the tube is then pulled in the direction of its length, and it separates 
at the mark. If the tube be large, it must be slightlv bent at the same time. In order to sepa- 
rate thicker and larger portions, as, for example, to shorten the neck of a retort or flask, a mark 
with a file is made at the proper point, and followed with a point of red-hot iron ; it then cracks 
in the direetion of the mark. 

A red-hot coal, held with a forceps, carded round the intended line of separation, answers the 
Mune purpose ; care must be taken to blow away the ashes as soon as they form by contact with 
the cold glass, so as always to present a red-hot point to the surface of the glass. 

The process of dividing a tube by friction, described in Haro's Chemistry, is so much superior to 
that adopted by previous operators, that the Editor has not hesitated to substitute it for the French 
mode ; — ** Some years ago, Isaiah Lukens showed us that a small phial or tube mi^ht be sepa- 
rated into two pitfts, if subjected to cold water, after having been heated by the friction of a cord 
made to ciroulate about it, by two persons alternately pulling in opposite directions. We were 
Vubsequently enabled to employ this process for dividing large vessels of 4 or 5 in. in diameter ; 
and liicewise to render it in every case more easy and certain, by means of a piece of plank forked 
like a boot-jack, and also having a kerf or slit cut by a saw, parallel to and nearly equidistant 
from the principal surface of the plank, and at right angles to the incision forming the fork. By 
means of the fork, the glass is hela steady by the hand of the operator. By means of the kerf, the 
string, while ciroulating about tiie glass, is confined to the part where the separation is desired. 
As soon as the cord smokes, the glass is plunged into water, or if too large to be easily immersed, 
the water must be thrown upon it. This method is always preferable when the glass vessel is so 
o^n that, on being immersed, the water can reach the inner surface. As plunging is the most 
effectual method ofemploying the water, we usually, in the case of a tube, close the end which is to 
be sunk in the water, so as to restrict the refrigeration to the outside."— Hare's Compendium^ 
ed. 4th, p. 60. 

Coloured Ola$8 and Painting on Qhss^^Qhrn dissolves the greater part of the metallic oxides, 
and while it preserves its transparency, is often tinged with the most beautiful hues ; on this 
property the manufacture of coloured glass is founded. It suffices to mix intimately with the metKl 
of which the glass is to be made, a given quantity of the metallic oxide, to produce coloured melted 
glass ; with certain metidlio oxides, however, peculiar care is required. Protoxide of iron FeO 
imparts to glass a deep or bottle-green colour, while the sesquioxide FegO, produces a yellow tinge. 
Oxide of copper CuO and oxide of chrome Cr,0. yield a beautiful green, but of different shades. 
Oxide of cobalt CoO gives a brilliant blue ; sesquioxide of manganese Mn|Oa a violet. A mixturo 
of equal parts of oxide of cobalt and oxide of ixoo eolonn the glass blaek. rrotoxide of oopper OutO 



1688 GLASS MAOHINEBT. 

yields a veiy beautiful red colour, bat so intense that the gliun nearly loses its tnin^pQrency if the 
oxide be iu the proportion of a few hundredths. A fine purple is obtained by mixing a certain 
quantity of oxide of tin with finely-powdered crystal, soaking the mass in a solution of chloride of 
gold, and melting it, when dried, in a crucible. When the metallic oxide to be used as a colouring 
agent can be deoxidized in the fiimace, as, for example, the sesquioxide of manganese can be, a 
small quantity of nitre is added to the mixture. A beautiful yellow glass is made by adding 
lampblack to a mixture which would produce oonmion white glass. By varying the proportiou 5 
lampblack, several intermediate shades between a bright and a purple yellow can be produced. 

When it is wished to make glass of clear colours with metallic oxides which possess powerful 
colouring action, it is difiBcult to obtain the shade desired by adding the proper quantity of the 
colouring oxide to the mixture in the pot. Glass is then set in layers (yerre pLqu^), so that it is 
fonned of white glass throughout the greater part of its thickness, and has one face only formed by 
a thin layer of coloured glass; and in order to vary at will the intensity of tlie colour, the layers 
are made of suitable thioxness. This kind of glass is made as follows ;— Two pots are placed iu 
tlie oven, one filled with white and the other with coloured rIsss. The workman first takes up 
with his pipe a certain quantity of white glass ; then, when it oegins to assume the proper degree 
of consistency, he dips it into the coloured glass, and thus fastens a layer of this on the wnite maaa 
He then blows Uie whole into cylinders, in order to make muffs for flatting. The inside of the 
cylinder is necessarily white, the layer of coloured glass being only external 

Painting on gla s is done with yery fusible and finely-powdered coloured glaM. The composi- 
tion of this glass varies with the nature of the colouring oxide ; for the majori^ of them, a mixture 
of 2 parts of quartz, 2^ of oxide of lead, and 1 of bismuth is used ; but as certain colouring oxides 
are altered by the oxides of lead and bismuth, in this case a mixture of 2 parts of quartz, 14 of 
melted borax, J of nitre, and | of carbonate of lime is used. The colouring oxide is added to these 
mixtures, and they are melted in a muffle furnace ; the glass obtained is reduced to an impalpable 
powder, ground in turpentine, and the paint thus prepared is applied with a pencil. The painted 
glass is then heated in a muffle, at a temperature sufficient to melt the coloured glassy but not lo 
affect the object on which the painting has been made. In order to form the groundwork of the 
picture, glass coloured in the paste is generally used, the outlines and shades being painted on one 
of the sitf&ces. The various pieces of ^lass are then dextrously fitted together by means of small 
sheets of lead, each small pane harmonizing with the outlines and shades of the figures designed. 
The painted surface of the glass is placed outside^ so that the picture is seen through the coloured 
glass. The numbers and divhduns marked on enamel dial-plates are applied in the same way 

Analysis of Oku8,^We will suppose that the glass to be analyzed contains, or may contain, silex, 

potassa, soda, lime, manganese, alumina, oxide of iron, oxide of manganese^ and oxide of lead. 

Five grammes of the glass, reduced to an impalpable ^wder, are intimately mixed with about three 

times its weight of pure carbonate of soda ; the mixture having been weighed in a platinum 

crucible, the latter is covered with its lid, and heated in an alcohol lamp having a double current 

of air, so as to completely melt the carbonate of soda. For this purpose it is well to surround the 

crucible with a small slieet-iron chimney, extending a few oentixn^tj-es beyond it : the chimney, at 

the same time increasing the draught, forces the name completely to envelop the crucible. The 

carbonate of soda is kept melted for at least twenty minutes, and then allowed to cooL By using 

a thin crucible, the alkaline cup may be detached by the pressure of the fingers, and is received in 

ajporoelain saucer, containing a certain quantity of water, and covered by an inverted fuuneL 

Water, acidulated with nitric acid, being poured into the platinum crucible, and then into the 

saucer, the alkaline cup dissolves with effervesoenoe, the funnel preventine any loss of substance^ 

by the projection of the small liquid pellicles surrounding the gaseous buboles which bun»t on the 

0ur&ce of the fiuid. Toward the close the liquid is acidulated with an excess of nitric add, and 

evaporated to dryness at a moderate heat Hot water, acidtdated with nitric acid, is poured on 

the dried matter ; it is allowed to digest for some time hot, and then diluted with water ; all the 

metallic oxides then dissolving, leave the silex alone as an insoluble residue. It is collected on a 

filter, calcined after being wcdl washed, and weighed. A current of sulphuretted hydnMien is 

paased through the liquid, which precipitutes only the lead in the state of a sulphuret ; and mially, 

the liquid is nested to ebullition, still keeping up the current of sulphuretted hydrogen, in order 

to famitate the deposit of sulphur. The sidphuret of lead is colleotea on a filter, and, after havinff 

washed it, the filter is burned in a platinum crucible, and the substance sprinkled with nitric aciOy 

mixed with a small quantity of sulphuric in order to convert it into sulphate of lead ; lastly, it is 

calcined to redness. The weight of the oxide of lead is deduced by oulcuLition from the weight of 

the sulphate of lead obtainea Sulphvdrate of ammouia is then poured into the liquid to precipi* 

tate the idumina and the sulphurets or iron and manganese; the wet precipitate is redissolved in 

chlorohydrio acid, and by the separation of the ttvo oxides. The liquid, which then contains only 

lime, magnesia, and the alkaline salts, is boiled to drive off the excess of sulphydrate of ammonia, 

and chlorohydrio add added to decompose that which still remains. Lastly, it is supemturated 

with ammonia, and the lime precipitated in the state of oxalate of lime by oxalate of ammonia ; 

tlie presence of ammoniaoal salts in the liquid keeping all the magnesia in solution. The solution 

is then concentmted by evaporation, an excess of carbonate of s(na added, and it is evapoMted to 

dryness, to decompose the ammonisioal salts, and drive off the ammonia as carbonate; it is then 

treated with water, which leaves the magnesia in the state of insoluble carbonate. 

In the analysis just described the proportions of all the various components ot the glass have 
been ascertained suooessiyely, with the exception of those of the alkalies, which must be found by 
a particular process. The glass is first dissolved in fiuohydric add. As this acid is difficult of pro- 
servation, it is better to prepare it freshly for each analysis, which is done in the following manner ; — 
Into a small platinum retort. Fig. 8299, made of two pieces, very finely powdered fluorspar is 
introduced ana sulphuric add added ; on thejDther hand, 5 grammes of glass in impalpable powder 
are placed in a la^ platinum crucible, with a certain quantity of water, and covered with a sheet 
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of platiiitini pierced with two openings. The neck of the platinum retort pasBes throngb one of 
thoM openings; the other, much smaller, is traversed by a pxatinum wire, flattened into a spooft at 
its end, and used for stirring the 
material in the crucible. On 
gently heuting the retort the 
fluohydrio aoid dissolves in the 
water of the crucible, attacks 
the vitreous matter, aud a large 

auantity of fluoride of sillcum is 
isengaged. 1'he material is 
stirred from time to time with 
the platinum spoon, and when 
the glass is entirely dissolved, 
the crucible is gently heated, to 
drive off the excess of acid and 
evaporate the water; sulphuric 
acid is then poured upon tne re- 
sidue, completely to expel the 
fluohydrio acid and convert all 
the oxides into sulphates. When 
the greater part of the sulphuric 
acid has been driven off bv heat, 
the substance is treated with 
water, which leaves the silex 
and sulphate of lead as a residue. The liquid is flltered and an excess of carbonate of ammonia 
added, ^hich precipitates the alumina, the lime, the oxide of iron, a part of the oxide of man- 
ganese, and the magnesia ; an addition of a small quantity of sulphydrate of ammonia completes 
the precipitation of the manganese. The liquid, wnen filtered, contains only the alkaline salts, 
a smuU quantity of mr^neuia, and salts of ammonia; it is evaporated to dryness, the residue 
calcined at a strong red heat, and tlie alkaline bases sre weighed in the stato of sulphates. The 
magnesia ia overlooked for the moment, until the termination of the analysis; the potassa is 
separated by perchloride of platinum, and the soda is determined by calculation fiom the difference 
obtained. The magoeeia must be sought in the solution remaining after the precipitation of the 
double chloride of potassium snd platinum. The platinum is then precipitated by sulphydrate of 
ammonia, and the liquid, flltered with an excess of carbonate of soda, is evaporated ; the caibonato 
of magnesia is then separated bv treatment with water. This base may also be precipitated by 
phosphate of ammonia. A much better method of separating the magnesia from the alkalies is 
the following, when the bases can easily be obtained as chlorides; — The Uquid containing magnesia 
and the alkalictt is evaporated to dryness in a platinum crucible, after having condensed its volume 
by evaporation in a porcelain capbule, out of which the very concentrated solution is carefully 
Washed, with as little water as possible, into the platinum vessel ; a ^mall quantity of pure red 
oxide of mercury is then added, and the crucible subjected to a strong white heat over a spirit 
lamp, until all the mercury is volatilized. Gare must be taken not to inhale the fumes. The 
maKuesia, then all remainmg as insoluble caustic magnesia, is separated bv flltrntion from the 
alkalies, Vrhich then ma^ be determined by weighing them together, determining the potassa by 
precipitetion with chloride of platinum, and flnding the weight of the soda by the difference. 
I^hosphate of soda, with the adoition of some ammonia, effecte the precipitation of magnesia much 
more perfectly than phosphate of ammonia. 

GOLD. Fb., Or; GoL, Gold; Ital., Oro; Span., Oro. 

Gold Ib found almost over the whole globe, but in most cases in small quantities compared with 
other metals. At the present time Cidifomia affords the largest amount of this metal in the world. 
Gold is chiefly found in ito native condition, in a metallic state, alloyed with silver, and sometimes 
with tellurium, as is the case in Virginia «nd North Carolina. In California it is found chiefly in 
alluvial ground, bedded upon rock in most cases; it is also found endobcd in quartz rock, appa- 
rently in veins ramifying the rocks of an extensive mountein range. This California gold is 
obtained chiefly in large grains, and often in lumps of seveval pounds weight. In the other Stotes 
of the Union the gold is in very minute fht^ents, often invisible to the eye if not aided by a lens, 
only to be detected by crushing and grinding the rock, and washing off the debris. This g61d is 
apparently derived from the decomposition of iron and copper pyrites, chiefly the flrst; which 
assertion cannot be objected to, because it is founded in principle that almost all iron pyrites con- 
tain gold, that the gold ores of that region are rocks whicn are coloured by iron, and that this iron 
is evidently derived from the decomposition of the pvritee. Pyritous ores of this kind are worked 
which contain no visible gold, or which do not yield gold at the first crushing and washing, but 
which furnish gold in a succession of amalgamations, performed after regular intervals of exposure 
to the air in a fine powder. 

A splendid yellow oolonr and brilliant metallic lustre characterizes gold distinctly from other 
metals: its specific gravity being 19-8 to water, is another quality easily appreciated by the senses. 
It is pre-eminently ductile, whii% qualifies it for an extensive use in the arte. One grain of gold 
may be drawn into a wire 500 ft. long : silver may be coated with gold, of which the thickness is 
only the twelve-millionth part of an inch, and still the microscope cannot detect the slightest 
indication of an interruption of the gold coating. Pure gold requires more heat fbr melting than 
either silver or copper, but as all native gold lb alloyed with some other metal, it may be considered 
more fusible than those metals. If, in cupelling gnld, the hot globule shines with a greenish lighti 
we may consider the gold not much adulterated : if it contains 10 per cent., or from there to one- 
third of diver, the oofour of the gold is in the hot cupel white as silver. Pure gold ii not very 
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volatile, and may be exposed to a stnmg heat for a Iod^ time without loss of metal ; but if gold is 
pJloyed with volatile metal, such as lead, zine, and antimony, it is liable to be carried off by thdr 
rapoura. Gold has a considerable cohesion, which inclines it to crystallization. Its crystal form 
is an octahedron ; it is often found in fragments of crystals imbedded in quartz. In melting gold 
along with pure borax it assumes a whitisn colour, as if adulterated with silver; in melting it again 
with saltpetre, or common salt, it recovers its rich yellow colour. 

The geological position of gold is in the primitive rock. It is found in granite, disseminated 
in grains and spangles through the mass of rock. In the United Btates gold is chiefly found in 
the stratified transition series. Most of the gold, the California gold exclusively, is found in alluvial 
soil. In the Southern gold region this source is much exhausted, and the gold is here obtained 
from regular, well -developed veins, running parallel with the general direction of the rock strata. 
Bouth-west by north-east. The plane of inclination of these veins is also parallel with the plane oi 
inclination of the general formation. It appears from this that the gold-bearing veins aro of a 
simultaneous origin with the rock; at least, they have been introduced when the rock was in 
a plastic condition. In Virginia and North Carolina the gold-bearing veins are a ferruginoua 
talcose slate, often inclined to mica slate. In North Carolina this slate is found to be very hard in 
many instances, showing a compact solid mass of rock, apparently the same slate ; but having been 
under the influence of a considerable heat, it is hardenea. In Virginia this slate is more soft, the 
fissures open more readily, and the whole vein shows the appearance of soft slate. This slate ia 
impregnated with small quartz veins, from | to } an inch, and often 2 in. thick. Where these 
quartz veins are thin and in g^at numbers, the ore is alwajrs found to be richest in gold. The vein- 
stone of the gold-bearing veins is strongly impregnated with oxide of iron, showing evidences that 
this iron is derived from pyrites, because the oxide appears in dots or flowers, anof groups of dots. 
Many of these veins bave been traced to that depth where the P3rrite8 are not oxidized ; here they 
appear in their perfect crystal form, and are profasely distributed through the slate. The oxidi^ 
tion of these pyrites appears to depend on the penetrability of the rock by atmospheric agents ; 
where the slate is soft we flnd it oxidized to the depth of from 50 tol50 ft. ; where the slate ia 
hard, as is the case at the 8awyer Mine, North Carolina, the oxidation reaches hardly 10 or 20 ft. 
deep, and is in many places, such as bluffs, not developed at all. At the latter spots the pyrites 
are in their original form, untouched by oxygen. Where the pyrites are not oxidized, the extrao- 
tion of gold is connected with considerably more expense than it is from soft slate and oxidized 
pyrites. The crushing of the hard slate is in the first place more expensive ; the sulphur of the 
pyrites destroys a large portion of quicksilver in amalgamation, and the gold cannot be all extracted ; 
the largest portion of it remains enclosed by the snlphuret of iron, which can only be liberated by 
destroying that envelope. 

There is, however, one drawback to the rapid extraction of gold fh>m deposits — ^the ores are all^ 
without exception, pyritous in greater depth, and to work these sulphurets to advantage no pro- 
gress has been made up to this time. .Various experiments tending to accomplish this purpose, 
and affording means of extraction, have been Med, but none of these succeeded so far as to work 
the poorer class of ores. At Goldhill, N.C., where the ores yield from $1 .50 to $3 of gold in 100 lbs. or 
one bushel of ore, the pyritous ores are ground, amalgamated, and a certain portion of gold extracted. 
The crushed ore, now a fine sand, is exposed to the influence of the atmosphere for one year, after 
which the process of grinding and amalgamating is repeated, and another portion of gold, idmost 
equal to the first, is extracted. An exposure of another year furnishes another crop of gold, which 
operation may be repeated four or ^ye times without extracting all the metal from the sand. This 
way of working is tedious, expensive, and will not answer where the ores yield but 25 cents to the 
bushel. The process of roasting these ores by artificial fire is too expensive, and all processes 
yrhich require much labour are out of the question. 

The extraction of gold is performed in California, and also in some parts of the Southern States, 
simply by washing the alluvial soil, removing the sand, clay, and debris of rock ; after these opera- 
tions the gold, as specifically the heaviest matter, will remain in the vessel in which the washing 
has been performed. This washing may be done to advantage in a tin pan or a sheet-iron pan. 
Such a pan is filled with sand containing the gold, and immermd in water ; in stirring it gently by 
hand the clay and light sand fiow off, and, after some of the earthy matter is removed, the pan is 
shaken so as to bring the heavier gold to the bottom of it ; the superstratum of saud is now removed, 
and the gold found in the bottom of the pan (see p. 265). 

Gold enclosed in rockv matter cannot be washed with success in the foregoing described manner ; 
the rock must be crushea, and is, in this operation, transformofi into more or less fine sand. The 
bulk of this sand is removed by washing, and the rest, with the gold, reserved for amalgamation. 

The crushing is performed in the stamp-mill (p. 272). 

After the crushing is performed, the sand, including gold, is conducted over hides, which retain 
the gold, and the sand is floated away. The gold and sand jfrom the hides are removed, when the 
latter are filled, to an amalgamating machine, which combines the gold with quicksilver, and admits 
the sand to flow off. Instead of hides, woollen blankets are also used for gathering the gold, and 
there is a diversity of opinions as to the merits of either. Blankets, it is contended, are mora 
expensive than hides, but they have the advantage of working more uniformly. Hides are cheaper, 
but they lose their hairs or wool very soon, and are Uien not fit to do good work. Hides of short 
cnrlv wool are selected ; these are spread on the ground, and over these the water, sand, and gold 
are led in a broad sheet. In other instances, shaking taoles are suspended at the aischarge of the 
stampers, which gather the gold and some sand. Shaking tables are wooden platforms of 8 or 
10 ft. long, and from 3 to 4 ft. wide, made of 2-in. plank well joined together, and the whole 
smoothly planed. Around the edges of the table are projecting ribs, which prevent the water from 
flowing over the edgea In suspending this table, a little inclined to the horizontal, leading the 
sand and water over it in a broad sheet, and applying a gentle shaking motion to it, the gold will 
sink to the bottom and move gently down the plane ; it is arrested at the lowest end of the table 
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particles of gold, so as to make it adhere to the quioksilTer, and whioh does not lose any qnickailver, 
is still a desideratum in the Southern gold-mining distriots. 

Gold gathered by quicksilyer forms a white amalgam. In the amalgamating machines a surplus 
of quicksilver is ustfd to secure the fluidity of the mercury ; for if it gets slimy, or, still worse, 
plastic, like clay, it will not absorb any more gold with facility. The fluid amalgam is pressed 
through a soft leather or a piece of close canvas, to remove the superfluous mercury, after which a 
solid amalgam, called quick, remains in the bag. The quicksilver which passes through the bag 
retaius always some gold in solution, the quantity of which varies according to the stuff through 
which it has been squeezed. The amalgam thus obt^dned contains from 30 to 70 per cent, of gold, 
aocoidiug to the mode of working and the quality of the ore. The quick from the Chilian mills 
generaUy contains but from 30 to 40 per cent, of gold, while that from stampers contains seldom 
less than 40, and in most cases from 50 to 60 per cent, of gold. This circumstance appears to 
speak in favour of the stamps ; the difference in the contents of gold, in the amalgam, in owing 
to its division ; the finer the gold, the less of it the amalgam contains. The dry amalgam is dis- 
tilled in an iron retort, lined with clay ; a red heat will dnve off the meroury, which U condensed 
by leading it into cold water. The gold remains in the retort in the form of a powder, whioh is 
collected, melted in a crucible along with some saltpetre, and cast into iron moulds, forming square 
bars of about 1 lb. weight each. One pennyweight of gold of the Virginia mines is generally worth 
from 90 to 92 cents. North Carolina gold contains more silver than the first, and a pennyweight 
19 seldom more than 90, and in the majority of cases from 80 to 90 cents to the pennyweight. 
(>Jifomia gold ranges from 75 to 90 cents. 

The gold in gold coin and jewellery is never pure, being alloyed with a certain quantity of copper 
and frequently of silver, to give it a greater degree of hardness. In order to obtain pure gold, gold 
eoin is dissolved in aqua regia, and the solution being evaporated to dryness, by gentle heat, to 
drive off the excess of acid, the residue is treated with water, by which means the silver is separated 
as insoluble chloride. An excess of protosulphate of iron, which precipitates the ^Id in the 
metellio state, in the form of brown powder, is then poured into the liquid, the reaction ensuing 
according to the foUowing equation;— Au,Cla+6(FeO, SO.) =2 An +2(Fe,0„3SO,)+Fe,Cl,. 

The precipitate is digested with weak chlorohvdrio acicL and, after being well washed, is fused 
in an earthen crucible with a small quantity of borax and saltpetre. The protosulphate of iron 
may be replaced by sesquichloride of antimony Sb^Cl, dissolved in an excess of chlorohydric acid ; 
tlie sesquichloride of antimony being converted into the perohloride Sb,Clt, while the gold is 
precipitated in the metellio stete. 

Gold has a characteristio yellow colour, and ite density is 19 '5. It fuses at a strong white heat» 
or at about 2200° of the air thermometer, giving off sensible vapours at a very high temperature. 
A gf)ld wire is converted into vapour when traversed by the current of a powerful electric battery : 
and if this teke place over a sheet of paper placed at a small distence, the paper becomes coloured 
of a purplish brown, by the very finely divided gold which is precipitated on it. A blade of silver 
substituted for the paper soon becomes gilded. A globule of gold gives off vapour very copiously 
when held between two pieces of charcoal terminating the conductors of a powerful galvanic 
battery. 

Gold is the most malleable of all the metels, and when beaten into very thin leaves is trans- 
parent, the transmitted light appearing of a beautiful green colour. Gold may be crystellized by 
fusion, when it assumes the shape of cubes modified by other facete of the regular system. Native 
gold is sometimes found in well-defined crystels presenting the same form. 

When precipiteted in a metellio stete from its solutions, gold forms a brown powder, which bv 
burnishing soon recovers the metellio lustre and characteristic colour of malleable gold, and whicn 
aggregates by percussion. If the mass be heated to redness before being hammered, a perfectly 
aggregated metel can be obteined without having heated it to fusion. 

Gold does not combine directly with oxygen at any temperature. Chlorohydric, nitricand 
sulphuric acids do not affect it, while aqua regia, on the contrary, readily dissolves it in the stete 
of sesquichloride, Au^Cl,. Gold is also dissolved by chlorohydric acid when a substence capable 
of disengaging chlorine is added, such as peroxide of manganese, chromic acid, &c Chlorine and 
bromine also attack gold, even when cold, while iodine acte on it but feebly. 

Sulphur does not attack gold at any temperature, nor does the metal decompose sulphydric acid ; 
but by fusing it with the alkaline polysulpnides it is powerfully acted on, a double sulphide being 
formed, in which the sulphide of gold Au,Ss acte the part of a sulphacid. Arsenic when assisted 
by heat combines with gold, and forms a very brittle alloy. 

Gold is attecked neither by the alkalies nor the alkaline carbonates or nitrates. 

Compounds of Gold with Oxygen. — Two combinations of gold with oxygen are known ;— 

1. A suboxide Au,0, 

2. A sesQuioxide Au^Oi, 

neither of which forms ssdtB with the oxides. 

The suboxide Au^O is obteined by decomposing the chloride Au,Cl by a dilute solution of 
potessa, in the shape of a deep violet-coloured powder, which decomposes at about 77^, disengaging 
oxygen. The oxacids exert no action on this substance, while cUorohydric acid decomposes it, 
forming sesquichloride of gold Au,Cl„ while metallic gold is separated. 

Seaqmoxide of gold (often called auric acid on account of ite property of combining with bases) is 
prepared by digesting a hot solution of sesquichloride of gold with magnesia, when aurate of 
magnesia is formed, which remains mixed with the free magnesia. The deposit is boiled with 
nitric acid, which dissolves the magnesia and leaves hydrated sesquioxide of gold. Auric acid 
may also be obteined by saturating a solution of sesquichloride of gold by carbonate of soda, and 
then boiling the liquid, when a large proportion of the gold is precipiteted in the stete of seisqui- 
oxide, while the other portion remadns in solution, but may be precipiteted by successively adding 
to the liquid an excess of caustic potassa and acetic acid. 
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Hydrated anrio acid u a yellow or brown powder, which loses its water at a low temperatore 
and beoomes aDhydroos, while at about 482° it decomposes into gold and oxygen, which reaction is 
also effected by the solar light Deoxidizing substanoes, snch as the organic acids, or boiling 
alcohol, reduce it to the metallic state ; while chlorohydrio acid dissolves it and produces the 
sesQuichloride Au,Gl,. The most energetic oxacids do not form definite compounds with sesoui- 
oxiae of gold, while the latter dissolves, on the contrary, readily in cold alkaline solutions, |iioducmg 
alkaline aurates which crystallize by evaporation. 

By adding a small quantity of ammonia to a solution of sesquichloride of gold, a fulminatinflr 
substance is produced, which contains, at the same time, oxide of gold, ammonia, and chloride, and 
which, by digesting with an excess of ammonia, famishes a bright brown powder of still higher 
detonating properties than the first, and which is a simple combination of sesquioxide of gold with 
ammonia An,0.+2NH.+H0. 

Compounds of €Md with StUphur, — Although sulphur does not combine directly with gold, two 
snlphides corresponding to the two oxides are obtained by decomposing the sesquioxide of gold by 
sulphydric acid, which, on oeing passed Uirough a cold solution of seaquichloride of gold, yields a 
brownlBh-yellow precipitate, wmch is the sulphide Au,S^ readily soluble in the alkalme sulphides. 
If the solution of the chloride is boiling, a sulphide Au,S, of a deep-brown colour, is precipitated, 
while sulphuric and chlorohydrio acids are formed 2Au,01,+SH8+3UO=2Au,S4-6HC1+kO,. 

Compounds of Gold with Chlorina.—Bj dissolving gold in aqua regia a yellow solution of sesqui- 
chloride of gold AUfCa, is obtained, which, when allowed to evaporate slowly in dry air, deposits 
yellow cryvtols of a compound of sesquichloride of gold and chlorohydrio acid. If the solution be 
evaporated to drive off the excels of acid, the substance assumes a brown colour, and a deliquescent 
crystalline mass remains, which diasolves readily in alcohol and in ether. Sesquichloride of gold 
dissolves even more rapidly in ether than in water ; for, if an aqueous solution of the chloride be 
shaken with ether and water, the supernatant of ether contains nearly all the chloride of gold in 
solution. The solution of sesquichloride of gold in ether was formerly used in medicine under the 
name of aurum potabile. 

Sesquichloride of gold forms with other metallic chlorides double crystallizable chlorides, in 
order to obtain which it is sufficient to mix and evaporate the solutions of the two chlorides. The 
formula of the double chloride of eold and potassium, which is deliquescent, is KC1+ Au,Cl,+5UO, 
while the formula of that of gold and scxiium is NaCl+Au,Cl,+4H0, and that of the double 
chloride of gold and ammonia is KH,HCl4-Au,Cl,+2HO. Compounds of chloride of gold with 
the chlorides of barium, calcium, manganese, iron, zinc, &c., are also known. 

Subchloride of eold Au,Cl is prepared by heating the seequichloride of gold Au,Cl, to a tempe- 
rature of about 40Cr, when chlorine ts disengaged, while a greenish insoluble powder remains. 

Compound of Gold with Cyanogen.— By'addinp^ a solution of cyanide of potassium to a concentrated 
hot solution of perohloride of gold, until the liquid loses its colour, a solution is obtained, which, 
on cooling, deposits prismatic crystals of a double cyanide of gold and potassium of the formula 
KCj+Aufij^ The crystals, which are efflorescent and very soluble, disengage cyanogen when 
subjected to moderate heat ; and when treated with water, a solution is obtained, which, on cooling, 
deposits a double cyanide of the formula KCy-f Au^Cjr. 

The name of purpU of Oassius is given to a precipitate containing gold, tin, and oxygen, which 
is used by painters on porcelain and glass, and is prepared iu various wapra Its oompositiou 
not being always uniform, chemists are not yet agreed upon Its nature. It is generally obtained 
by pouring into a sufficiently dilnte solution of sesquichloride of gold, a mixture of protochloride 
and bichloride of tih, the precipitate showing a beautiful purple hue when it is of small bulk, while 
it assumes a brown colour when more copious. 

A purple of Cassius of uniform composition is prepared by diBSolvine 20 grammes of gold in 
100 grammes of aqua regia made of 20 parts of nitno and 80 of chlorohydrio acid ; driving off the 
excess of acid by evaporation in a water-bath and dissolving the residue in 7 or 8 decilitres of 
water. Some pieces of tin being placed in the liquid, a purple precipitate of the formula 
Au,0,6nOt+SnO,SnO,+4HO is formed, but which may also be oonsidered as 2Au+8SnO,+4HO. 
The substance, on being subjected to heat, evolves water alune and no oxygen, while the calcined 
residue presents all the characters of a mixture of metallic gold and stannic acid. But as before 
calcination thu substance will not give off gold to mercury, it is evident that the gold did not exist 
in it in the metallic state. 

A beautiful purple of Oassius is obtained by heating suboxide of gold Au,0 with a solution of 
Shumate of potassa. 

Lastly, purple of Oassius is obtained by fusing together in a crucible 1 part of gold, ) part iA 
tin, and 4 or 5 of silver, forming a ternary alloy, from which nitric add extracts the silver, whilo 
the sold and tin are precipitated in combination with oxygen, and a brilliant purple is fbrmed, tho 
shades of which can be changed by sitering the relative •proportions of gold and tin. 

A solution of sesquichloride of gold stains linen of a purple colour, as it also does the skin and 
the organic tissues generally, which colouring is probably owing to suboxide of gold, as friction 
does not restore a metallic lustre to the spots, although they acquire it in a short time when 
exposed to solar light in a bottle filled with nydiogen gas. 

Determination of Goid, and its separation from other metals. — Gold is always determined in the 
metallic state, and is precipitated from its solutions by means of protosulphate of iron, aft^r having 
added chlorohydrio add to the liquid in order to maintain the sesquioxide of iron which forms 
during the reaction in solution. But it is important, in order to completely predpitale the gold, 
that t£e liquid should contain no nitric add ; in which case it must be previously evaporated with 
ehlorohydric add. The gold, when collected on a illter, is caldned to redness before being weighed. 

In order to separate gold from the metals previously described, the insolubility of the metal iu 
nitric add is sometimeB relied on, while at otner times all the metals are dissolved in aqua regia, 
jukd the gold is predpitated by protosolphate of iron, or, bettor atiU, by heating the solution with 
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a certain quantity of oxalic acid ; vhioh latter method has the advantage of not introducing a new 
metal into the liquid. Gold is sometimes also separated hy precipitating it in the state of s^phide, 
by sulphydric acid gas, the sulphide leaving metBtllio gold after calcination. 

Metallurgy of GoU, — Gold is almost always found in the native state, being sometimes pure, but 
more generally alloyed with certain quantities of silver. It occurs in three lands of bcnrings ; — 

1. In veins, generally quartziferous, which contain other metallic minerals, as ores of copper, 
lead, silver, and pyrites ; the veins usually traversing the primitive rocks. 

2. In smsll veins scattered through rocks situated at the separation of the crystalline and 
stratified rocks. 

3. In disaggregated quartzose sands, often extensively seen in alluvial formations, and owing 
their presence to the disintegration of auriferous crystalline rocks which exist in the vicinity. 
The greater speoiilc gravity of the gold prevents its particles from being carried as far as those of 
the other minerals with which it is mixed, and its resistance to the action of the greater part 
of chemical agents preserves it in the state of spangles. Alluvions soils containing gold chiefly 
occur in open valleys between primitive mountains, where gold is frequently found in place. The 
principal localities of auriferous sands are in California, Australia, Brazil, Mexico, Chili, Africa, 
tlie Ural and Altai Mountains in Siberia — the quantity of gold annually extracted from all of 
which amounted, in 1851, to 178 tons, of which California alone produced 110. Gold is generally 
found in the sands in the form of spangles, or shapeless find rounded grains, which, when they nre 
of any considerable size, are called river or wash gold (capites). Grains are sometimes found of the 
size of a hazel-nut, and pieces weighing several kilogrammes have been met with; one lump 
weighing 36 kilognunmes was found m the UraL Gold exists in the drift-sand of all rivers wliich 
arise from or flow over a large extent of primitive rocks ; and several auriferous alluvi«B are known 
in France, such as those of the Ari^e in the Pyrenees, of the Garden in Cevennes, the Garonne, 
and the Rhine, near 8trasburg. It is found in too small quantity to be worked to advantage; but 
the inhabitants look for it when they would otherwise be idle, and are then called aold-Jindera, 
The spangles of gold scattered through the river-sand are generally so excessively small that more 
than twenty are often reouired to make a milligramme. In Siberia, sands containing only 0*000001 
of gold are not oonsiderea worthy of being worked : and the Bheuish sands contain, on an average^ 
about ^ of this Quantity. Gold exists also, combined with tellurium, in certain mines of Trui- 
sylvania. An alloy of gold with silver and palladium, in the form of small crystalline grains, 
occurs in Brazil, and is called auro-powder or auro^ust Lastly, all pyrites in primitive rocks 
contain a small quantity of gold, and are often rich enough to be worked to advantage. 

When gold exists in veins which contain other metals, as lead, copper, or silver, thoee metals in 
which the gold is concentrated are first extracted from the ores, and the gold is then separated by 
refining^ a process presently to be described. The ore is frequently first subjected to amalgamation, 
as in the case of silver ores, when the gold dissolves in the mercury, and, after the liquid amalgam 
has been filtered, a more solid amalfl;am is obtained, ftom which the gold is separated by distillation. 
The ore is then smelted, so as to obtain a matt from which a certain quantity of gold can still be 
extracted. 

Auriferous sands are washed in the most simple manner, either in wooden tubs, or on inclined 
planes over which a current of water fiows, and they are then treated bv amalgamation. In the 
Ural, the auriferous sand is poured into boxes, the sheet-iron bottom of which is provided with 
openings of 2 centimetres in diameter, and, whQo a stream of water flows through the boxes, the 
workman stirs the sand constantly with a shovel, when the finer portions fall through the holes 
and are collected on large sleeping tables covered with muslin. The sand is frequently swept 
toward the head of the table^ where the gold remains with the heavier minerals ; and the sand, 
being enriched by this washing, is again more carefully washed on smaller tables. The titanio 
iron and magnetic oxide of iron being separated by a magnet, the material is fused in large 
graphite crucibles, at the bottom of which the gold collects, while the upper part is filled by a slag 
containing a quantity of unmelted grains of gold. The slae being stamped and washed, the rich 
Bchlich thus obtained is smelted, yielding an auriferous lead, from which the gold is separated by 
cupellation. 

In Tyrol a certain quantity of gold is extracted fh>m pyrites by amalgamating them in mills 
resembling that represented in Fig. 3303, several mills being generally placed above each other, 
(The figure gives an external view 
of the upper mill and a section of 
the lower one.) The pyrites, in the 
state of an impalpable powder, is 
suspended in water, and conveyed 
into the upper mill by the conduit 
G, whence it flows into the second 
mill by the sluice G'. The bed of 
each mill is made of a cast-iron 
vessel cdeff securely fastened on a 
strong wooden table; and in the 
centre of the vessel is a tubulure 
traversed by an axis of rotation a h, 
set in motion by the cog-wheel r r'. 
The runner-stone m mf of each mill 
is of wood, and resembling the 
shape of the bed ; but being about 
2 centimetres smaller, is furnished with several sheet-iron teeth projecting about 1 oentimbtre. 
The upper surface of the runner-stone is shaped like a funnel, into which is poured the liquid 
mud, which passes between the stones tad flows out by the oondnit G*. The stones make about 
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fifteen or twenty revolations a minute ; and 25 kUogrammes of meroury are placed at the bottom 
of each, making a layer of about 1 centimetre in thickness, againrt which the teeth of the wheel 
constantly strike, while at the same time they stir up the ore. The gold is dissolved by the 
mercury, and, after continuing this process for four weeks, it is withdrawn and filtered through a 
chamois skin, which retains a solid amalgam eontaining nearly one-third of its weight of gold« 
which is then separated from the other metals by cupellation. 

Alloys of Gold, — Gold is rarely used in a state of purity, as it is too soft, |ind its hardness must 
be increased by the addition of a small quantity of silver or copper, forming more fusible alloys 
than pure gold. 

Tne standard of French pure gold coin is -f^, the law allowing a variation of y,^ above and 
j^ below; while medals contain 0*916 per cent, of gold, with the same Variation. There are 
three legal standards for jewellery, the most common of which is ^j^^ while those of ^f^ and -^l^ 
are rarely used ; and the legal variation is f^^y below the standard, no superior limit being fixed! 

Gold is soldered with an alloy called red gold, of 5 parts of gold and 1 of copper ; an alloy made 
of M^Afts of gold, 1 of copper, and 1 of silver also being used. 

The clear colour of gola is given to jewellery by dissolving the copper which exists in the super- 
ficial layer ; to effect which the articles are heated to a dull red heat, and dipped, after ooohng, 
into a weak solution of nitric acid, which dissolves the copper. A thicker coating of pure gold ia 
obtained by allowing them to remain for fifteen minutes in a paste formed of saltpe&e, common 
salt, alum, and water ; the chlorine set free by the action of the sulphuric acid on the salt and 
saltpetre dissolving the copper, silver, and gold, while the latter metal is again deposited on the 
article. The surfaces are then burnished. 

Separation of Gold and Silver, — ^The separation of gold and silver, more generally called the 
refining of the precious metals, is now done by treating the alloy by concentrated hot sulphuric acid, 
which dissolves the silver only. But in order that the alloy may be completely acted on, it should 
neither contain more than 20 per cent, of gold, nor than 10 per cent, of copper, because sulphate of 
copper is but slightly soluble in conoentiated sulphuric acid. The alloys are fused in cruciblesL 
and when they are too rich in gold, a certain quantity of silver is added — silver containing a small 
quantity of gold being preferred. The fused alloy is granulated by being poured into water, and 
tnen placed in a largo kettle with 2} times its weight of concentrated sulphuric acid marking 66° 
on the areometer, the kettle being covered with a lid furnished with a disengaging tube. The 
acid, being heated to boiling, is partly decomposed, and sulphates of silver and copper are formed, 
while sulphurous acid is disengaged, which is sometimes passed into the leaden cnambers whero 
sulphuric acid is manufactured. When gold coin is to be refined, it is merely roasted. 

After four hours, when the alloy is completely destroyed, there is introduced into the kettle a 
certain quantity of sulphuric acid marking 58°, and obtained by the concentration of the acid 
mother liquid of the sulphate of copper obtained in refining, as will presently be explained. After 
having boiled the liquid for fifteen minutes, the kettle is taken from the fire and allowed to rest, 
when the g^reater part of the gold collects at the bottom of the vessel, from which the nearly boiling 
liquid is decanted off into leaden boilers containing the mother liquid arising from the purification 
of the sulphate of copper by crystallization. The boilers are heated by steam ; ana after the 
sulphate oi copper at nrat deposited is redissolved, the liquid is allowed to rest for some time, when 
the whole of tne gold is deposited. The clear liquid is then drawn oil by a siphon, and passed 
into other boilers heated by steam, and containing blades of copper, which precipitate the silver in 
the form of small crystalline grains ; the metal being in a short time so perfectly precipitated that 
the liquid is not clouded by common salt. The precipitated silver is carefully washed, and then 
compressed by an hydraulic press into compact prisms, which, after being dried, are melted in 
earthen crucibles, furnishing a metal which contains only a few thousandths of copper. 

As the gold arising from the first action of the sulphuric acid still contains a certain quantitv 
of silver, it is heated anew, in a platinum crucible, with concentrated sulphuric acid, wliich 
abstracts the balance of the silver ; a third treatment with sulphuric acid being often required. 
The gold dust, after being well washed and fused, contains 995 tliousandlhs of pure gold. 

The acid solution of sulphate of copper which seises from the precipitation of the silver by 
copper is evaporated in leaden kettles until it marks 40° on the areometer ; a large proportion of 
the sulphate of copper being deposited in small crystals during the cooling. After another 
evaporation, the mother liquid yields an additional quantity of crystals : and the last liquid, which 
refuses to crystallize, is used as a solution of sulphuric acid, and poured into the cast-iron boiler, 
after this action on the alloy. The sulphate of copper is purified by recrystallization. 

When the quantity of gold and silver contained in an alloy does not exceed 0*200 or O'SOO, the 
granular material is first heated in a reverberatory furnace, when a portion of the copper is con- 
verted into oxide, which is dissolved by treating the roasted substance with weak sulphuric 
acid ; and the alloy, being thus brought to the medittm standard of 0*500 or 0*600, may be refined 
by the ordinary process. The process of refining gold pursued at the United States Mint, in 
Philadelphia, is similar to the method formerly called quarts tiou. and consists iu melting gold 
with silver, and then extracting the silver with pure nitric acid. The deposit of grains of native 
gold is first melted with borax and saltpetre, occasionally with soda to remove quartz, and being 
cast into a bar, is carefully weighed, accurate! v assayed to j^ for sold, and from the assav and 
weight the value of the deposit is calculated. Although a million of dollars may be deposited in a 
day, upon an arrival from California, yet such is the expedition of the assay department, that in a 
few days the deposits are all paid off. As soon as the gold is assayed, each lb. of it is melted with 
2 lbs. of pure silver, and the mixture, after stirring, poured into cold water, by which it is granu' 
lated, divided into small irregular fragments, presenting a lar^e surface to the subsequent action of 
the acid. The granulations are then put into large porcelain jars of 50 gallons each, of which there 
are about seventy in use, and nitric aoid poured in them. The jars being placed in leaden-lined 
, wooden troughs, containing water, are heated by a steam ooll in &e water, causing the nitric acid 
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to dissolve out tU.e larger proportbn of silver. A steam heat is given daring several hours, and 
the liquid allowed to repose until the following morning, when the solution of nitrate of silver is 
drawn off hy a gold siphon, and transferred to a large vat of 12(K) gallons, containing a saturated 
solution of common salt. Fresh acid is then added to the gold in the pots, already nearly parted, 
steam heat applied again for several hours, and the whole left again to repose. On the following 
morning the acid liquid of odo of the pots being drawn off and the fine gold removed to its tilter, 
fresh granulations of gold and silver are introduced, and the acid liquid of the adjoining pot, con- 
taining only a small quantity of nitrate of silver, poured over it. A fresh charge of granulated 
metal is thus first worked by the yet strong acid, which acted on the nearly fine gold of the 
previous charge. A charge of ft800,UOO or more is easily worked off, refined^ in two days, by 4} lbs. 
of parting acid to every lb. of gold. The gold is washed thoroughly on a filter by hot water, 
pressed in a hydraulic press, further dried, melted with copper, and cast into bars, about 2400 ozs. 
troy constituting a melt. After being assaved, they are then remelted with the calculated 
quantities of copper or fine gold requisite to bring them to a standard of 900 thousandths fine, 
and cast into ingots. Upon their proving correct in the assay, usually to within ^^ of the 
standard, they are delivered to be coined. The chloride of silver, accurately precipitated with a 
slight excess of salt, is filtered and washed thoroughly on large filters, of 3 ft. by 5 ft., and It in. 
deep. It is then transferred to lead-lined wooden vaia, reduced to metallic silver by granulated 
zinc, and, the excess of zinc being removed by sulphuric acid, washed, pressed in the hydraulic press, 
dried by heat, and remelted with a new portion of gold. 

This method of parting formerly required 3 parts of silver to 1 part of gold, and the latter oon- 
stitutiug a fourth part of the alloy, the process was termed quartation. We have, however, found 
that 2 parts of silver to 1 part of gold are quite sufficient ; and if the metal be well granulated, the 
acid will not leave 10 thousandtns of silver in the gold, which is sufficient to prevent the too 
darkening effect of copper in the coin. 

Analysis and Assaying of^ Alloys of Gold, — ^Alloys of gold and copper may be anal vzed by cupelling 
them with lead, and following exactly the same process as described for the cupellation of alloys of 
silver and copper. If the alloy contains no silver, the weight of the lump obtained represents 
pretty exactly the quantity of pure gold which existed in the alloy ; but if, as more frequently 
happens, the alloy contains a certain proportion of silver, this latter metal remains alloyed with 
the gold after the cupellation. However, the process of aireet cupellation is attended with sur- 
pluses and losses which sometimes reach 3 thousandths. When the temperature of the muffle 
IS very great, there is a small loss arising from the absorption of a small quantity of sold by the 
cupel ; and when the heat is too low, the gold retains a small quantity of copper and lead ; olthough 
gold loses less by volatilizing than silver. 

In order to determine exactly the quantity of gold existing in a ternary alloy of gold, silver, 
and copper, it is cupelled at a moderate heat with a certain ouantitv of silver and 1^, in order to 
obtain an alloy of silver and gold, from which the latter can oe perfectly separated by means of an 
excess of nitric acid, which dissolves the silver and leaves the gold pure. In order, however, to 
ensure exact results, there must be a certain ratio between the quantities of gold and silver ; because, 
if the proportion of silver be too small, the nitric acid does not dissolve it entirely ; and if, on the 
contrary, the quantity of silver be too great, the silver and copper are completely dissolved, while 
the gold separates in the form of powder, which it is difficult to collect without loss. Experience 
has shown that the most favourable conditions for the assay, commonly called the parting (d^part\ 
consist in reducing the alloy to } of gold and | of silver, in which case it is completely acted on, 
while the separated gold preserves the form of the original alloy, and does not become divided, if 
the operation be carefully conducted. This operation has received the name of quartation. 

The proportion of lead to be added, which varies with the standard of the alloy, is indicated 
in the following Table ; — 

GtandArd of gold alloyed Qiuuitity of lead neresvry to be aOML 

with copper. to entirely remove the copper tqr cupeikUon. 

1000 thousandths 1 part. 

900 „ 10 parts. 

800 „ 16 „ 

700 „ 22 „ 

600 „ 24 „ 

500 „ 26 „ 

400) 

800 34 



200 
100 



n "* >» 



Let us suppose that the standard of a piece of coin is to be determined, the legal standard of 
which, which may be regarded as its approximate standard, is ^f^. The quantity of alloy usually 
operated on being 0*500 gramme, containing according to the legal standard 0*450 gramme of 
gold, therefore 1 '350 gramme of silver and 5 grammes of lead must be added. But if an alloy is 
to be assayed, the legal standard of which is entirely unknown, the first stop is to ascertain the 
latter by approximation, by means of the ctssay by the touch-needlcj about to be described, after 
which the process is continued as usual. 

The lead is first placed in the heated cupel, and when it is in fusion, the mixture of gold and 
silver is introduced, having been previously weighed and wrapped in a piece of paper. The 
oupellation is allowed to go on as usual, and requires less care than the cupellation of silver, 
because silver alloyed with gold is not liable to blister ; but the cupel should be removed immedi- 
ately after the lighting, to avoid loss by volatilization. The lump is removed after cooling, 
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flattened nnder a hammer, annealed for a tew moments, and then rolled between cylinders ; after 
which the sheet thus obtained is rolled into a spiral form, and subjected to the action of nitric acid 
in a small assayer's flask, Fig. a304, into which SO grammes of nitric acid of 22^ Baum^'s Hydro- 
meter^ are poured, and boiled for twenty minutes. The acid is then decanted and replaced 
by 30 grammes of pure concentrated nitric acid marking 32°, which is boiled for ten 
minutes: when the acid is decanted, and the gold, which has preserved the shape of the 
alloy, washed several times. The flask being afterward completely filled with water, its 
mouth is closed with the thumb, and it is inverted, when the spiral sheet of gold 'falls 
slowly through the liquid column, and is received in a small earthen crucible, after which 
the waler is poured on, and the crucible heated to redness in the muffle. 

The acid should not be too concentrated, because the gold might be divided. When the 
assay has been made with the precautions indicated j the gold remains in the form of a 
spongy, brown, and very friable mass, of nearly the same Volume as the original alloy ; but it con- 
tracts considerably when heated in the small crucible, becoming harder and assuming the lustre 
and colour of malleable gold. The calcined gold being exactly weighed, the standard of the alloy 
is thus obtained within nearly 1 thousandth. 

Direct assays made on known alloys of gojd and silver have shown that the operation^ when 
oarefuUy performed, as just described, can give rise only to the following errors ; — 



(i 



rdf of tbe alloy 


Standtfds found. 


Differences 


900 .. .. 


900-25 .. .. 


.. .. +0-25 


800 .. .. 


.. .. 800-50 .. .. 


.. .. +0-50 


700 .. .. 


.. .. 70000 .. .. 


.. .. 000 


600 .. .. 


.. .. 60000 .. .. 


.. .. 0-00 


500 .. .. 


.. .. 499-50 .. .. 


.. .. -0-50 


400 


.. .. 399-50 .. .. 


.. .. -0-50 


800 .. .. 


.. .. 299-50 .. .. 


.. .. -0-50 


200 .. .. 


.. .. 199-50 .. .. 


.. .. -0-50 


100 .. .. 


.. .. 99-50 .. .. 


.. .. -0-50 



The assay Just described cannot be applied to fine iewellery, because the article would be 
destroyed by the process, and gold jewellery is therefore subjected to a test called the assay by the 
touch-needle, which does not inj^ it, and yet enables a skilful assayer to determine its standard 
within nearly 1 thousandth. The method consists in rubbing the object against a very hard 
black stone, on which it leaves marks, from the colour of which, and their behaviour when moistened 
with a mixture of nitric acid of a density of 1 -84 with 2 per cent, of chlorohydric acid, the assayer 
forms an approximate opinion of the standard of the alloy. The black stone used, called touch- 
Btone, is a Kind of quartz, coloured with bitumen, which formerly was imported from Lydia, but 
has likewise been found in Bohemia, Saxony, and Bilesia. The conditions essential to a good 
touch-stone are ; — ^An intense black colour, incapability of being acted on by acids, hardness, and 
a sufficient degree of roughness to retain some of the gold. 

The assayer is provided with a series of small blades, called iouch-needlesj consisting of alloys 
of copper and gold, the standard of each of which is exactly known, which enable him to compere 
the marks they leave on the touch-stone, before and after the action of the acid, with that of the 
alloys to be assayed. 

Ko regard should be paid to the first marks left bv the articles on the touch-stone, as they are 
made by the superficial layer, and always show a higher standard, because the surface consists of 
pure gold; ana several marks should therefore be made, the last of which only is examined. 
Alongside of these marks others are made with that touch-needle the composition of which 
approaches nearest to that of the article ; when a glass rod, dipped in the acid, is drawn over both, 
after which the colour of each mark and the manner of action of the acid are examined. 

See Allots. Am aloamatikg Maobinb. Amalgamation Pan. Assaying. Atomic Weights. 
Batea. Battery. Bobing and Blasiing. Buddlb. Drainage. ELsarBO-MSTALLURGT. FoxmniNG 
AND Casting, p. 1551. Furnace. 

Works on Ooid: — J. Calvert, 'The Gold Bocks of Great Britain and Ireland,' 8vo, 1853. 
8. Davison's * Gold Deposits in Australia,' 8vo, cloth, 1861. J. Arthur. Phillips, ' The Mining and 
Metallurgy of Gold and Silver,' royal 8vo, 1867. Silversmith, ' Handbook for Miners,' 12mo, New 
York, 1868. B. B. Smyth, *The Gold Fields of Victoria,' 4to, Melbourne, 1869. W. P. Blake, 
• The Production of the Precious Metals,' 8vo, New 

York, 1869. Von Cotta, * Treatise on Ore Deposits,' ^'*- 

by Prime, 8vo, New York, 1870. P. M. Bandall, 
*The Quartz Operator's Handbook,' 12mo, 1871. 

GONIOMETEB. Fr., Goniometre; Ger., Ooni<^ 
meter; Span., OonUfmetro, 

Various instruments termed goniometers are em- 
ployed in the measurement of the angles of crystals. 
Two kinds are in use — ^the common or contact gonio- 
meter, and the reflecting goniometer. The first class 
only of instrument is here described, as it will suf- 
ficiently answer every purpose of the mining mine- 
ralogiBt. The most simple form of instrument. Fig. 
8805, consists of a graduated brass semicircle, on 
which two metallio oroas-blades are fixed. One of 
these orosB-blades, a 6, is fixed at the zero of the division ; the other, df, is moTable, and denotes 
on the circle the angle of the crystal. In order to measure a dihearal angle, one of its Unoui ifl 
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applied to the fixed orosB-blade a 6, in snoh a maimer that the edge of the angle ifl perfMndionlar 
to the plane of the circle ; the movable crose-blade is then adjusted until its prolongation rests 
upon tne outer face of the angle. It is evident that the angle comprised between the two crosa- 
blades, and which is directly indicated on the circle, is the measure of the angle sought 

The two cross-blades a d, d/, slide in the grooves iK^ gh^dn^aoBaio admit of the ends e a and 
c d being made as short as is reauired. This condition is indispensable, as it is often necessary to 
measure very small crystals, wnich can only be introduced easily between the two cross-blades 
when their free ends can be very much shortened. 

This form, however, of the common goniometer has many inoonvenienoes. The observations 
are rendered difficult from the fact that the crystal under examination has to be held with one 
hand, and the instrument with the other. Moreover, in holding it before the ey^ to ascertain if 
the cross-blade is in perfect contact with the crystal, continual vacillations and disturbances are 
produced, which render anything like a correct observation very difficult. ThesjS inoonvenienoes 
are overcome by the use of a flxM instrument. The crystal under examination is also fixed on a 
support, 80 that both basds are at liberty. This iostrument, Fig. Sd06, consists of a semicircle 

830«b 




fixed on a rod a 5, supported by columns pp. The rod a b can be moved horixontally, from right 
to left, in the grooves cc, in which are placed small friction rollers, so as to render the movement 
as easy as pooible. The fixed semicircle carries another,/^, movable on the centre o, and divided 
into degrees ; A t ^ is a vernier which also moves on the centre, but behind the movable semicircle 
between it and the fixed, to which it can be at any time fastened, and in any required position, by 
the thumb-screw k ; this vernier gives the minutes, /m is a blade whose movement carries round 
the circle fg ; 9 is a small stem, tiie function of which is to support the crystal r, which is firmly 
fastened with wax. It is so arranged that it can be lengthened or shortened, be inclined either 




jipparatus, is a sight, which, applied against < 

sufficiently forward, enables the operator to judge if the edge formed by the two faces of the crystal 
is exactly horizontal, and if it be perpendicular to the plane of the circle. 

To measure a crystal it must be imnly fixed on r, and tiie movable platform brought forward ; 
the sight must now be placed against the rod «, and the upper part raised or lowered as needed ; 
looking from above, it can be seen whether the edge of the crystal is parallel to the edge v, in 
which case it is perpendicular to the plane of the circle. If the parallelism be not perfect, the 
rod 9^ is turned on its axis until the proper position is attained. The oiystal must then be viewed 
through the opening x, and the same angle adjusted horizontally, which can be effected by 
inclining the rod either one way or the other as required 

When the crystal is properly adjusted, the movable platform is pushed under the circle. The 
blade / m is now to be moved, and at the same time the rod a 6 is to be pushed either to the n^ht 
or left as may be found necessary, so that the edge of the blade may be in perfect juxtaposition 
with the face of the crystal ; when this has been accomplished, the vernier is carried to the end of 
the movable semicircle, where a small cleat stops it exactly at zero; it is then fixed by the screw k. 

This done, the platform is drawn from under the cirole, and the blade passed in the contrary 
direction to that which it before occupied ; the platform replaced, and the blade brought into 
juxtaposition with the other face of the crystal ; this accurately done, the stom and crystal aro 
removed. 

By this second application of the blade to the crystal the semicircle has fumed, and the point 
where it stops indicates the measure of the angle, which is read on it in degrees ; the vernier 
furnishes the minutes. 
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GOUGE. Fa» Chntge; Oeb., Hohlmeiuel; Ital., SgoHna; Span., (ha>ia. 

See AuoEBS. uaitd-Tools. 

GOYEKNOB, Stsax-Enginb. Fb., JUjgulaUur; Qer^ Regulator; Ital., Segolaiore; Spak., 
Seguhdor, 

» How the action of centriftigal foroe is utilized in the oonstruotion of steam-engine goTemors is 
folly investigated in onr article, Anoulab Motion, p. 101. 

iMy and RichardMn'a Oovemor^ Figs. 8907, 8808. — This inyention consists in mounting the 
governor on the ciankHBhaft, with which it revolves, and causing it to act directly upon the slide- 
valve eccentric, so as to regulate the quantity of steam that shall be 
admitted daring the s^ke aooording to the work done by the eng^ine ; 
and as no throttle-valve is needed, steam can at all times be token 
into the cylinder at nearly boiler-pressure, and thus do the same 
work ; a much earlier cut-off is attainable and many advantages 
gained. 

The eooentric A, Fig. 8307, has a rectangular slot cut in it parallel 
to a line connecting its two centres of forwitfd and backward motions. 
The slot a 6 fits over a square part of the crank-shaft, upon which it 
slides at right angles to the crank by which it is driven. It is held 
in position on this square hj two wedges D E, shown in -Fig. 8308. 
Fig. 8808 also shows the position of the governor on crank-shaft ; the 
boM F is fast on the shaft, while G is free to slide towards F. When 
the baDa expand to this slide G the wedges DE are fixed. When the 
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balls expand by their centrifugal foroe the wedges are drawn out, aud the eccentric slides upward in 
the direction of the arrow. Fig. 8807. The travel of the valve is reduced, the angle of the eccentric 
with the crank is altered so as to make the cut-off earlier while the lead remains constant. 

ClayUm and ShuWmioorth'i ChMmor^ Fig. 8809. This is a simple form of centrifugal governor 
employed both to portable and stationary engines, but especially to the former class of engine. 
Motion is imparted to the vertical spindle, through the mitre-wheels and pulley by a plain leather 
belt, from the crank-shaft of the engine. As the speed increases the centrifugal force causes the 
balls to expand, and through a proper arrangement of links and sliding sleeve, the balls raise 
the forked lever, which in turn, by means of the link and quadrant, closes the throttle-valve in the 
steam-pipe, thus instantly checking the speed of the engine. The speed of the engine being 
checked, the speed of the governor is also checked, and the throttle-valve opened to a correspondinjB^ 
extent. As in ordinary governors, l^ a proper adjustment of the quadrant, the throttle-valve ia 
set so that the speed of the engine may be rendered uniform under any variation of work. 

N. P. Burgh, in his useful work on Marine Engineering, observes .*— " The changes of speed 
being so sudden, it is obvious that in designing a governor for a marine engine, such an arrange- 
ment should be adopted as would have an action extremely sensitive, powerful, and prompt in 
affecting the valve. Modifications of the old two-beJl governors were first tried, and afterwards 
balanced four-ball governors. The first failed, as the governing action of the balls was destroyed 
by the motion of the vessel. With the last, in which the balls are arranged to balance each other 
in such a way that the action of the instrument is not affected by the same cause, it is apparent 
that when the sudden acceleration of speed in the engine takes place, the inertness of the balls 
resisting the sudden motion may prevent the prompt action on the valve. 

'* Attention being drawn to tiie subject by this conclusion, a governor, consisting of a fiy-wheel 
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Iliere ue Mreral varietiea of tbwe goveraon 
eovomiiig piiiKiipIfl on whioh the aotLou of muat 
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^I^^^Mndle sttsolied to a lever for werUeg the Telre, 

'*'"%JiM3t in audi a nunner that the ends projeet and fonn 

^iBljn the mner Bni&ce of a ting, which ring haa alao 












ftgih l^ln lootel; on 

■"■*»^a*fc oross-head m „ y 

" ' M the; are linked by the lods la tlie BhcUng 
Ibe lever «nd rod is certain. 

igulator is turned by the engine to whiKh it 
J on the fixed oroas-lieed, being geared into 

fto turn round on this pinion ; but u they 
invtirds this collar, and bo oompresa the 
^"liif and ooneequentljon tho toothed eectora, wrvei 
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— . a» ■»& FS)t «eD BDHnmt of opening given to the throttle-vftlTe ot 

|ai^£«^|/4f>b|§ri€^f the cam which bean Bgaioat the tappet t, thU 
lO reTDlntion of the goveniar, no long as the bnUl* 
L5-.iit~-jyw.uj.cnt of the goTemor-baUa U proventai by a piston 
|§n{j^t'^|Bra||iiithe«iivavliDder t,thiBC7]iDdet being fomUhed 
^---^~i5oaaB#|s ^B> other. The Beetional KTea of tbia pasmge, and 
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mMiu the speed with which tn aJtentioo in 
sled. 

^iTAiLS or EHaiNEB. EHonfEB, VABiBTm or. 

.fl(/IATt}«« J QkHi OraphixAai Diagram ; Ital^ Dia- 



which the lelatitms oi laws inrolved in 
^Ifiniia of diagrant, ia termed the grapbio method ; 
"^led graplue dlagramB. It ia Deceasar; here to 

L ' -id to show the daily changes of the 

I day, and the ordinataa, the cone- 

P. v. Sbeafer to trace the progresB of the 



. •low .isv •vsv •10^ J^ 



1704 GBAVITY. 

GRATR Fr., Gntte; Qkb., Jlost; Ital., Grata; Span., S^a. 

See BoiLBB. 

6BAVING DOCEL Fb., Forme de radovb ; Q(VSL,y Trochendock; Ital., Bacino a aecoo; Span^ 
Astiilero, 

See Dock. 

GRAVITY. Fr., Gravity; Geb., Schwerkraft; Ital., Gravita; Span., Gravedad. 

Centre of Gravity, — The centre of gravity is the centre of the parallel forces due to weight. 
The weight of each molecule of a solid body is a vertical force acting in a downward direction. 
The resultant of these forces is the total weight of the body ; and the centre of the parallel forces 
takes the name of centre of gravity. As a matter of fact, the common direction of the forces cannot 
be made to vary here ; but we may, which amounts to the same thing, vary the position of the 
body with respect to the vertical ; and the centre of gravity is the point through which the resultant 
of the weight of all the molecules constantly passes, whatever the position of the body may be. 
If the centre of gravity is one of the points in a solid body, we may conceive the weight of all the 
molecules replaced by a single vertical force equal to their sum and applied to the centre of 
gravity. But if the centre of gravity is situate outside of the body, we can. conceive this substitu- 
tion only by supposing the point to lie invariably fixed to the system of bodies, a supposition which 
is made use of for the purpose of simplifying demonstrations, data, or formulie, but to which no 
idea of reality can be attached. It is for this same purpose of simplifying enunciations and 
formuliB that we sometimes extend the notion of a centre of gravity to a system which is not solid. 
There exists in this case no force capable of producing by itself the effect of the weight of the 
various molecules which make up the system ; but it is often convenient to introduce into cadcula- 
tions the resultant which these forces would have if the system were to become instantaneously 
solid, and consequently to consider the point through which the resultant would constantly pass 
if the system, without changing its form, changed its position with respect to the vertical, in other 
words, the centre of gravity of this system. In the remarks which follow we shall assume that the 
body in question is solid. 

Bodies are, in reality, composed of molecules separated from each other ; but, in seeking the 
centre of gravity, we consider them as formed of a continuous matter. The effect of this m^e of 
viewing the subject is merely to misplace, by (qualities infinitely small, the points of application 
of the vertical forces considered, an error which in no way affects the result. 

I. If p, p', p" , , , &c., denote the weight of the elements of the volume of a body, x, y, r, x\ y\ *', 
x'\ y'\ z"j &c., their co-ordinates with respect to three rectangular axes, P the total weight of the 
system, and X, Y, Z, the co-ordinates of the centre of gravity, we have, by taldng the moments 
successively with re^)ect to the three co-ordinate planes, 



PX 
PY 
PZ 



whence we deduce 



= j) a? -f- p' a?* + p"x" -H ... = 2p X, 

= py +p' y' + p"y"+ ,., = ^py, 

= Pz+p'm' +p"t^'+ ... = 2pg, 



X=^, Y = ^, Z^lf% [1] 



formuliB which determine the centre of gravity when we know the total weight of the system, and 
know also how to calculate the sums which appear as the numerators of these fractions. 

II. When the body under consideration is homogeneous, that is, when its parts, however small 
we may suppose them, have a weight proportional to their volume, the position of the centre of 
gravity in the body becomes independent of the nature of this body, and ite discovery is merely a 
matter of geometry. If we call the volumes of the various elements of the body v, v\ xf\ &c., the 
total volume Y, and the weight of the unit of matter of which ite body is composed n, we shall 
have p = n t;, p' = n ©', "p" = n t?" . . . , P = n V, and the formuliB [1] Will become, by cancelling 
in the numerators and the denominators the common factor n, 

X=?;-^. Y=?^. Z=?f'. [2] 

fbrmulsB which no longer depend upon the nature of the body, but only upon Its geometrical form. 

If one of the dimensions of the body were infinitelv small with respect to the other two, so that 
the body was reduced to a surface, the quantities c, v , v*\ &c., would denote the elemente of this 
surface, and V ite totel area. If two dimensions were infinitely small with respect to the third, so 
that the body was reduced to a line, v, t)', o", &e., would represent the elements of this line, and Y 
its total length. 

The formulsB [2] would still hold if c, t', c". &c., instead of representing the infinitely small 
elemente of the volume, area, or length, expr^sea by Y, represented the finite parts of this volume, 
area, or length, provided that x, y, z, were then the coordinates of the centre of gravity of v ; x\ y\ z\ 
the co-ordmates of the centre of gravity of v\ and so on ; for the weight of each part may be 
considered as a vertical force applied to ite centre of gravity. Consequently, the moment of the 
total weight is equal to the sum of the momente of the partial weighte ; and in the case of 
homogeneous bodies, the moment of the total volume is equal to the sum of the moments of the partial 
volumes, if by the moment of a volume with respect to a plane, we understend the product of this 
volume by the distence from its centre of gravity to this plane. Applying this theorem successively 
to the three co-ordinate planes, and dividing by the total yolume Y, we fall again upon the 
equations [2]. 
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in. To simplify the labour of finding the centre of grayity in homogeneous bodies, recourse may 
be had to the following propositions ; — 

1. If the body can be decomposed into a number of parts having their centres of gravity in the same 
plane, or on the same straight line, the centre of gravity of the whole body will likewise be in this same plane 
and upon this same straight line. For we may suppose the weight of each part applied to the centre 
of gravity of this part ; we have then to compose a system of forces parallel and in the same 
direction, whose points of application are situate, by the hypothesis, in the same plane or on the 
same straight line. But according to the construction which determines the centre of parallel 
forces, this point will itself be situate in this plane or on this straight line ; and this point is the 
oentre of grayity of the whole body. 

2. If tlie body has a plane of symmetry^ its centre of gravity is in this plane. It is evident that the 
centres of graTity of the two parts of the body separated by the plane of symmetry are symmetri- 
cally placed with respect to this plan& But these centres of gravity may be considered as the 
points of application of the weights of the two parts, that is, of two equal forces, parallel and in 
the same direction. The resultimt of these two forces passes therefore through the middle of the 
straight line which joins their planeaof application, and that, whatever the position of the body 
with respect to the vertical may be; this middle is therefore the centre of gravity of the body. It 
is evident, besides, that this middle is in the plane of symmetry. 

3. If the body has an axis of symmetry, its centre of gravity is upon this axis. For an axis of 
symmetry is always the intersection of at least two planes of symmetry. 

4. If the body has a centre of shape, its centre of gravity is in this point. For a oentre of shape is 
the intersection of at least two axes of symmetry. 

5. We may substitute for the elements of volume, area, or length, which make up the system under con- 
sideration, other elements of volume, area, or length, proportUmnl to them, provided they hive their centres 
of gravity in the same points. For the centre of the parallel forces is not changed by substituting 
for the given forces, other forces proportional to them and 

applied to the same points. 3319. 

lY. We will now pass on to the consideration of the 
methods of finding the centre of gravity of the principal 
figures, and we will begin with lines. 

Tlte Straight Line, — The centre of gravity of a straight line 
is in its middle ; for this middle is in the plane of symmetry 
perpendicular to the straight line. 

A Regular Broken Line. — Let Amnp^B, Fig. 8319, be a 
regular broken line, A B its chord, O the centre of the in- 
scribed circle, and O G its axis of symmetry. Here the oentre 
of gravity sought, G, will be upon O G; we have to find the 
distance G O. Draw through tne centre X V parallel to the 
chord A B ; and project upon this parallel line the summits of the broken line, by means of the per- 
pendiculars A A , m m', nn' . . . B B'. Let I be the middle of any part mn ; join I O. Draw I K 
perpendicular to X Y, and m h parallel to this line. Let x be the distance IK from the centre of 
gravity I of the part mn, to the straight line X Y, and X the distance OG. If we take the 
moments with respect to a plane drawn through X Y perpendicularly to Uie plane of the broken 

line, we shall have, from the formulss [2], X = —^ or X = — ^ — ^ • 

The similar triangles IKO and mhn give mn :IO=:mA:lK, whence mn. IK =: 10. mA; 

consequently, X = —^ — ^ — ; or, as 1 0, the radius of the ihscribed circle, is a factor conmiou to al] 

TO i m* n* 

the terms of the numerator, and as m' n* may be substituted for m A, X = '-^ . But t m* n\ 

or the sum of the projections of the sides or parts of the broken line upon X Y is A' B', which is 
equal to AB; and Y is here the length AmnpgB of the broken line. We may therefore write 

OG = -T — '■ 5 , that is, the distance from the centre of gravity of a broken line to its centre is a 

Amnpq D 

fourth proportional to the length of this broken line, its chord, and the radius of the inscribed circle. 

Circular Arcs. — The preceding proposition is independent of the number of parts in the broken 
line ; it is therefore true if this number becomes infinitely great, that is, if the broken line becomes 
an arc of a circle calling ^he length of the developed arc L, its chord 0, and the radius of the 

inscribed circle, which in this case will be confounded with the arc itself, B, we have X = -^— . 

We may therefore affirm that the centre of gravity of an arc of a circle is upon its axis of symmetry^ 
and its distance from the centre is a fourth proportional to the arc, its chord, cmd the radius. For a half 

circle we should have X = ' -^ = - R. 

Curves. — If the curve is plane, let y = / (*) be its equation with respect to two rectangular axes 
traced in its plane, and let fif 5 be an element of the curve, corresponding to the co-ordinates x and y ; 
the equations of the moments will give, calling s the developed length of the curve from the point 
the abaeissa of which is x, to the point the abscissa of which is x„ 




i.X= / ^ xds, 9JidsY =s I yds. 
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Bnt we have dsscfxVl + LT («)]': oonseqaently, dedadng the Tallies of X and Y, it will 
beoome 

/ ''xdx^T+[fO^* //* fCx)dx V^l + [/(ar)]« 

X=*>15 , and Y=*^^L 









If the omre has a doable ouirature, let a; = ^ («) and v = 4^ (Oi ^ its equations with respect to 
three rectangular axes ; let s be again the developed length of the oorye from g = g^io z = z^. 
We shall haye by the theorem of the moments, 



«X 



= l^xds, $Y= l^yds, «Z= f'^zds; 
c/*o c/*o t/*o 



bat hare tf « = (/« V 1 + l<t>*M7 = [f («)]'• I>edacing the valnes of X T, Z, we hare 



~ — 7^* •' 



;.(fWi+[^'W]* + w'(or 
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y . We will now consider the centre of graTitr of plane figures. 

Rectangular Figures.^T\i^ centre of gravity of a rectangular figure is its centre of shape^ that is, 
the point of interaection of its median or bisecting lines, which are axes of symmetry. 

The Parallelogram,— IaX A B C D, Fig. S320, be a parallelogram. Draw the diagonal B D, which 
will divide it into two equal triangles. Let g and a' oe the centres of gravity of these triangles ; 
draw gp and a'p' perpendicular to BD, and let O oe the middle of 
the diagonal B D. Without knowing the position of the points g 
and g' with respect to the two triangles to which they belong, we 
may admit that as these triangles are equal, their centres of gravity 
would coincide if the triangles were placed one upon the other. 
We have therefore gp^^gp* and Op = Op*, consequently the 
angles pOg and p*Og* Kte equal, and gO = g'O, Therefore gOg' 
is a straight line, and the .point O is the middle of it. But the 
weights of the triangles A B D and B D may be considered as 
applied to g and g' ; tne point of application of their resultant, that 
is, the centre of gravity of the puallelogram, is therefore situate in the middle of the straight 
line gg\ that is, in the point O, which is the middle of the diagcvial B D. Thus the centre of gravity 
of a pftrallelognxm is in the midcUe of the diagonals, which is also their point of intersection. 

The Triangle,— ^Lei ABC, Fig. 3321, be a triangle. Bisect B and join A I. Draw &c and de 
parallel to B G ; and bb'cc^jdd\ee' parallel to A j^ which passes through the middle of 6 c and de, 
and also of b*c' and dfe\ since &'d = 6(f and ec = e'c. The centre of 3321. 

gravity of the parallelogram 66' c'e is therefore situate upon the straight 
line A I, in the middle O of the portion of this straight line incluaed 
between bo and de. Likewise the centre of gravity of the parallelogram 
d^de'e IB situate upon A I, in the middle of the portion of this straight line 
included between 6 c and de, that is, in the same point O. But the nearer 
the straiffht lines 6 c and de are together, the smaller is the difference of 
the paraTlelogmins bb'c'o and d'dee' with respect to each other; and 
consequently the more they tend to be confounded with each other, and 
with the trapezium 6 dtfc included between them. Therefore, when the 
distance between the straight lines be and dd is infinitely small, we may 
consider the trapezium 6d0c as confounded with one of these parallelo- 
grams, and we nave consequently its centre of gravity in the same point 
O upon A L It follows from this that if we conceive the triangle decomposed by lines parallel 
to B O into trapeziums infinitely narrow, all of these tatpenoms may be oonsidered as having their 
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centres of gravity upon A I. Therefoie, in virtne of the principle I established above, the oentze 
of grayity of the triangle A B is situate npon A I. 

This being proved, and we might prove the same for any other bisecting line, taking another 
side as a base, it follows that the centre qf graieity of a truxnjle is in the point in which the three biaectinj 
lines intersect each other. 

Let Ai and BH, Fig. 8322, be two of these bisecting lines, and G their point of intersection. 
Join I H. The triangles I G H and A G B being similar, we shall have the 
proportion IG : AG = IH : AB. But the triangles lOH and BG A being 
also similar, we shall have IH:AB = I0:B0 = i:2, therefore, by reason 
of the common relation, I G : A G = 1 : 2, whence we deduce 

IG : IG + AG = 1 : 1 + 2, or IG : A = 1 : 3, 

that is, I G is a third of A L Therefore the centre of gravity of a triangle 
is situate upon the straight line which joins the summit to the midUe of the hase^ 
and one^hird of this line distant from the base. 

The centre of gravity of a triangle possesses a property which is worthy 
of being known, suppose applied to the three summits, three e<}ual forces, 
parallel and in the same direction, the common intensi^ of which we will 
represent by P. Required the point in the triangle through which the 
resultant of the three forces passes. The law for the composition of forces 
will give us. first, for the two loroes P applied in B and G, a force 2 P applied 
in the middle I of B G ; and for this force 2 P applied in I and the force P applied in A, the 
resultant is found by dividing the distance Aim the inverse proportion of these forces, that 
is, in the inverse proportion of the numbers 2 and 1, which will give the point G. Gonsequently 
the centre of gravity of a triangle may be regarded as the point of application of the resultant 
of three equal forces, parallel and in the same direction applied to the three summits respectively. 

Trapezium, — ^Let ABDG, Fig, 3323, be a trapezium. Produce the sides that are not parallel 
till they meet in 8 ; join this point to the middle I of the base AG. The lino S I will pass through 
the middle H of the base B D. It may be shown from the principles 
employed above that the centre of gravity of the trapezium must be 333a. 

upon the straight line I H. But if we draw the diagonal A D, and s 

determine the centres of gravity g and g' of the two triangles ABD ,^^ 

and A D G into which the trapezium has been resolved, the centre of 
gravity of the trapezium must also be upon the straight line ay', since 
the weight of the trapezium is the resultant of the weights of the two 
triangles. The centre of gravity required is therefore in G the point / / \ 

of intersection of the straight lines I H and gg*. 

It may be remarked that the line gg' is divided at the .point G in 

the inverse proportion of the weights, or of the suHaces of the two 

triangles. But these triangles are equal in height ; the line g a' is there- * 

fore divided in the inverse proportion of the bases A D and B G. It 

may sometimes be required to Jmow the proportion of the segments 

G I and G H of the bisecting line I H. To ascertain this, proceed 

as follows. The proportion required is the same as the proportion of the distances from the 

point G to the two oases. Let x and y be these distances, and h = x + y the height of 

the trapezium. Denote A G by B and B D by 6. Apply to the weight of the trapezium and to 

the weightd of the two triangles BAD and A G D the theorem of tho moments, taking first as the 

plane of the moments a plane upon the line A G perpendicular to the plane of the trapezium. The 

distuices from the centres of gravity g and g' to the plane of the moments, or, which amounts to 

1 2 

the same thing, to AG, will be -A for the triangle D A G and - A for the triangle B A D. We shaU 

9 9 

have therefore, substituting for the weights the areas which correspond to them, 

ABDG.» = DAG.5A + BAD.|^ or ABDG . » = ^ A«(B + 26)., 

So D 

Taking the moments with respect to a plane upon B D perpendicular to the plane of the 
trapezium, and observing that the distance from the points g and j^' to B D is ^ A for the first, and 

2 • 

^ A for the second, we shall have likewise, 

ABDG.y = DAG.§A + BAD.^A, orABDG.y = iA«(2B + 6). 

00 o 

Dividing member by member the two equations thus 3334, 

obtained,wefind-or_ = -__. 

This formula leads us to tho following construc- 
tion ;— Produce DA, Fig. 3824, by a quantity AH 
equal to B G ; produce B G in the contrary direction 
by a quantity G N equal to A D ; join M N, which 
wUl cut I H in the centre of gravity G. Accordingly 

, GI IN JB + 6 B + 26 *. r 1 t 

we have g^ =^j^ = ^—^^ = ^^-j-^, as the formula requires 

If the bases B and b diifered infinitely little from each other, B + 26 would be sensibly equal 
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to 2 B + 6, and we ohoald have oensibly G I = G H, that is, the point G wonld be in the middle of 
the biBecting line I H. This is what happens in the case of the elementary trapeziums considered 
in the demonstration relatiye to the centre of gravity of the triangle. 

Any Quadrilateral. — Let A B G D, Fig. 8325, be a quadrilateral. Draw the two diagonals, 
which will intersect each other in the point E. Let I be the middle of the diagonal A ; join D I 
and BI. Ta^e upon these straight lines the points g and a' 
at a distance of one-thiid of their length from the point I ; 
these points will be the centres of gravity of the triangles ADO 
and ABC. Consequently, if we join them by a straight line 
gg', the centre of gravity of the quadrilateral will be upon this 
line, and will divide it in inverse proportion to the surfaces 
of the triangles. But these triangles, which have the same 
base* A G, are to each other as their heights, or as the lines D B 
and B E which are proportional to them. We ought therefore 
to have, if G is the point sought, G.7 : G^' = B £ : D £. 

To fnlfll this condition, it is sufficient to take B H, equal to 
D E, and to join the point H to the point I bv a straight line 
cutting ^</' in the required point G. For we shall have 

Qg : Qg' = DH : BH = BE : DBL 

It may be remarked that we have also IG:IH = I.9:ID, and that oonseqnently I G is a thiid 
of I H. Hence the following construction ; — Draw the two diagonals A and B D meeting each 
other in E ; take upon one of them the length B H equal to the segment D E ; join the point H 
thus found to the middle I of the other diagonal, and take upon I H a third ixom the point I. The 
point G thus found will be the centre of gravity of the quadrilateral. 

The Polygon. — To find the centre of gravity of any polygon, divide it into triangles ; determine 
the area and the centre of gravity of each one of them, and apply the construction, which gives ths 
centre of parallel forces. 

A Seiular Polygon. — The centre of gravity of a regular polygon is its centre of shape. 

The Circle.— The centre of gravity of a circle is its centre. 

The Circular Sector. — Let A O B, Fig. 8326, be a circular sector. Conceive the arc A B which 
forms the base divided into a large number of equal parts, and radii drawn to all the points of division. 
The surface of the sector is then divided into a large number of 

aual elementary sectors, asMON; and as the arcs, such as 
N, are supposed to be very small, these sectors may be con- 
sidered as rcctiline^ triangles. From the point O as a centre 
with a radius equal to | of the radius O A, describe the aro 
a b ; this arc will be divided by the radii, such as O M and O N, 
drawn to the points of division of the aro A B, into the same 
number of equal parts^ as m n ; which may be considered as 
straight lines parallel to the corresponding elements of the aro 
A B. The centre of gravity of the triangle M O K is in the 
middle t of the straight line m n drawn parallel to the base at 4 
of the distance between the summit and this base ; for this point 
t is on the bisecting line that would be drawn from the point O, 
and at a distance from the summit of | of this line. But the point 
• is also the middle of mn ; and the same may be said of the other elementary triangles. In 
virtue of the principle V established above, we may therefore substitute for the superficial elements, 
as M O N, the linear elements as m n, since they are proportional to them, and have their centres of 
gravity in the same points. It follows from this that the centre of gravity of the circular sector is the 
same as that of the arc a b described from the centre O vnth \ of the radius. This centre of gravity is 
therefore upon the line which bisects the angle A O B, at a distance p froxa. the centre indicated' 

by tlie expression o = '—r- But Oa = -OA, a6=-AB, am6=-AMB; we may 

amv «5 o o 

2 O A . AB 

therefore write p = — • — . ' ^ , that is, to find the centre of gravity of a circular 8ect(fr,find the 

3 A Ju. 15 

centre of gravity of the arc forming the base^join this point to the centre^ and take two-thirds of the Joining 
line, reckoning from the ixntre, * 

2 R 2 R 4 • 

For a semicircle with a radius R, we should have p = - • — - - or p = ^— . R. 

3 r it 3 IT 

Circular Trapezium. — ^Let A B 6 a, Fig. 8326, be a circular trapezium. Denote the radii O A 
and O a by R and r, and the angle A O B by a. The centre of gravity sought G will be upon the 
bisecting line OK: for the centre of gravity g of the sector aOb and the centre of gravity g' of 
the sector AOB are upon this line, and the weight of the sector A O B is the restdtant of the 
weight of the sector aOb and that of the trapezium A B 6 a. Through the point O draw a plane 
perpendicular to O K ; and let X Y represent this plane upon the plane of the trapezium ; taking 
the moments with respect to this plane, we have A0B.0^=ra06. O^' 4- A B 6a • O G, whence 




0G = 



__ AOB.O<y-a06.0flf' 
AOB-a06 



-D A ik rx-o !«• ^1. !« r^ 2R.2R sin. }a ,^, 2 r.2psin.}a 
But,AOB=-R«a, aOb=-f^a, O^ = g __2_ and 0/ = ^ ^^ ^ g 



tfttalliAyT. 




ft - lif®l'®I r '-» -^^■'^- 

^^^SRtsFQff^fill^lS^M'Ml^P""^ 'xJr their difTcreuoe by«, whioh gins 

Ht K'l M fe^AS^^^M^ W Veetioii under the form 

^"'fflr^? *— ^ SI'''B ^''^ centre of grovitj of the Tonsaoin of a 




the first place, ft trapeziom A B D C, Fig. 3327, 
girea by the aiia of the I'a and by two ordi- 
Bod A. ThU trapedam ma; be ooiuidered aa 

mag M their height the oidinale H P or y, and 
' ' - dx. The distance of the oentre of 
equal to x + q dx, and its distanoe trtaa tha 

of trapezium A B D A, and 

iff, beeidei A = 



_....JiII„ 

t-S''& 9 '2' 9 9 9 M 

gig j« 7^^* W*m%9')Wt''>"b ti^ 1"^ of 

8»F*||:^' fil?S*MC§^§^ A*. Y = r* i s'.rfi. beeidet A = /*' ,d,. 
b iJD>^di?AtCl^lM£> ^ Jiavo the co-ordinatea X and Y of the centre of 



|£«^8ideT the arM inelnded between two cnrrei A B 
^*aS7 B'"^ ^^ **" oidinataa oorrMponding to the 
Ai.m.St^ii the proposed area aa made np of an inflnita 
loB the infinitely small inoieaae PF*! or dx.from 
'ween the ordinatea MP = y and N P = y' <^tho 
, The distanoe of the centre of gravity of thU 
+ r dx, or simplj I ; and its distance from the 



_ __ .... . , _ aS'sB-*!^^ ^' ''■^ *""" thofeftee, oallUig the ai 






obtain the oo-ordinatea X and T. Thta 
le ourre A'B' ii a second branch of tha 
the centre jj_ 

'•Ifr^ tha equation 







the pacalkJi detmaHf. 
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YI. We have now to detennine the centre of gravity of cnryed snrfaoet. 

Surfaces of Revolution, — Let OX, Fig. 3327, be the axis of revolution, and A B the generating 
line, or generatrix, whose equation is supposed to be given ; and let O = a and O I> = 6 be the 
abscissfB of the planes perpendicular to the axis O X serving as limits to the surface. IKvide this 
surface by planes MP, MP', perpendicular to the axis of revolution, into infinitely small zones, 
which may be considered as surfaces of frusta of cones. Let x and y be the co-ordinates of the 
point M, and a the arc A M of the generatrix. We shall have as the expression of the surface of 

the frustum generated by the element MM' or cf «, » ( 2 vy 4- 2 ir (y -{- dy) \ds or 2 vy cf <, by 

neglecting the infinitely small dy before the finite quantity y. 

The centre of gravity of this elementary zone is situate upon the axis of revolution between the 
points P and P', and consequently its distance from the point O is expressed by a; + i dx, c denoting 
a fraction. The centre of gravity of the whole surface is likewise situate upon the axis, and, calling 
its distance from the point O, X, and the area of the surface S, we have, by the theorem of the 

2wy ,d9(jB •{' §dx)^2'r I xyds^ by neglecting c d op before ar. We 

" Ph , 

have besides, S = 2ir I yds. Therefore, putting for (fs its value </x v 1 + y'*, replacing the 

ordinate y and its derivative y' by their values in x and integrating, we obtain the distance X. 

We should thus find that the centre of gravity of the surface ofa oonb of bevolution is situate 
upon its axis, at a distance of one^third of its length from the fixse. We should see in like manner that 
the centre of gravity of the surfsoe of a frustum of a cone is situate upon its axis of revolution, and 

that it divides it into two portions x and y, the expression of whose ratio is — = , where 

y a •{- 2r 

K denotes the radius of the larger base and r the radius of the smaller. 



moments, S.X 






Spherical Zone, — In the case of a spherical zone we have y = V B' — j^, whence y* = 



Vb«-«* 



and V 1 + y* = 



VB*-af« 



It follows from this that yef s s= B<f «, and 
B = 2w I B(;x=:2irB(6 — a). 



We have further, BX = 2ir / Bxcfy = 2rB 



(6» - a») 



consequently X = - (6 4- a). 



This value is the abscissa of the middle of the axis ; consequently the centre of gravity of a zone 
is the middle of its axis. 

Any Surface whatever, — ^Let ir = ^ (x , y) the equation of the surface, and 8 the area included 
between the limit s assigned, a and o' for x, b and 6' for y. The expression of the element of surface 

is d& = dxdy^l-^ [^', (x, y)y + l<p\ (x, y)]* , and the whole surface is expressed by 

S = £"* r*dx(fyVl + [<^'.(x,y)]« + [^'^(x,y)]«. 

We have further, by the theorem of the moments, 

BX = //xd8. BY = ffydQ, SZ = //zdS. 

Substituting for d& and m their values in x and y, and integrating 
between the limits indicated, we obtain the values of the co-ordinates 
X, Y, Z, of the centre of gravity required. 

YH, It remains for us now to consider the centre of gravity of 
volumes. 

The PrMRi.— Let ABODE A'B'O'D'E', Fig. 3330, be any prism. 
We may conceive this prism divided, by planes parallel to the oases, 
into equal and infinitdy thin sections. These sections will have 
their centres of gravity similarly placed, since they are equal to each 
other. All their centres of gravity will therefore be upon the same 
straight line G G' parallel to the lateral edges ; consequently the centre 
of gravity of the whole prism will be upon this line. Again, it will 
be in the middle g of this line ; for the weight of these sections will be 
equal and parallel forces applied in equidistant points of G G', and 
consequently, as we may consider the line G G' loaded with weights 
uniformly distributed throughout its length, the point of application 
of their resultant is in the middle of this length. The centre of gravity 
^of the prism is therefore situate in the section abode parallel to 
the bases and equally distant from them. It is also the .centre of 
gravity of this section. Suppose the whole prism decomposed into in- 
finitely small triangular prisms, as M N P M N' P', having their edges parallel to those of the given 
prism ; and let m np be tne section of one of these elementary prisms by the plane abcde. Oon- 
oeive a plane P perpendicular to the bases of the prism, and take the moments of the elementary 
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prisms and of the whole prism with respect to this plane. Denote the height of the prism hy A, 
the area m np by w, the distance of the centre of gravity of the elementary prism from the plane P 
by X, the distance of the centre of gravity of the triangle mnp from the same plane by «^ ; the 
distance of the centre of gravity of the whole prism by Jt, and that of the centre of gravity of the 
polygon abcdehyX.'. It may be remarked that x and ir'can differ only by an infinitely small 
quantity «, since the centres of gravity of the elementary prism aild of the mean section are both 
situate in the infinitely small triangle m np, say aK ^ a; + i. Representing the area of the polygon 
abcdehj Ci^we have AA.X=:2A«.x, whence A X = 2 o» x, and fi X' = 2 » (x + c), or, neglecting 
the infinitely small c before the finite quantity or, aX'=r2aix = aX; whence X' = X. 

Thus the centre of gravity of the given prism and that of the section a&c<f« are at the same 
distance izom the plane P ; and as this plane is any plane perpendicular to the basesjit follows that 
the two centres of gravity coincide. Consequently the centre of gravity of a prism is tKat of the 
section parallel to the bases and equally distant from those bases. 

The same demonstration applies to right and oblique cylinders. 

The Tetrahedron. — ^A demonstration analogous to the above may be applied to the tetranedron^ 
and generally to the pyramid and the cone. But on account of the importance which the research 
for the centre of gravity of the tetrahedron possesses, it will be well to apply to it a special geome- 
trical method. Let A B C D, Fig. 8881, be tne given tetrahedron. 
Join the point A to the centre of gravitv I of the opposite face. 
Draw the planes 6o(f, efh, parallel to BCD; and tne straight 
lines b b\ cif^dd'^ee^, ff, h h\ parallel to A I, and terminating in 
these planes ; join V <f. c' <r, bU\ and e'f, f h\ e' A'. 

The straight line A I being drawn to the centre of gravity of 
the base B CD, passes through the centres of gravity o and o* of the 
sections bed and efh\ for the point A is their common centre 
of similitude. The triangular prisms bcd^b* c*df^efK ^ f A', the 
lateral edges of which are parallel to A If have therefore both of 
them their centre of gravity in the middle of o o\ But the nearer 
the sections bcd^ efh^ are together, the more will the truncated 
pyramid bcdefK included between the two prisms, tend to con- 
found itself with each of them. Therefore, when the distance 
o o' is infinitely small, we may consider the truncated pvramid as 
confounded with one or the other of these prisms, and that oonse- 
auently it has its centre of gravity in the same point upon the line 
A I. It follows fh>m this that if we conceive the tetrahedron 
decomposed, by planes parallel to BG D,-into infinitely thin truncated pyramids, all these trun- 
cated pyramids may be considered as having their centns of gravity upon the line A I. Therefore, 
in virtue of principle I, the centre of gravity of the tetrahedron A B O D is situate upon the same 
line A I. As the same result would be arrived at if we took another face as a base, it follows that 
the centre of gramty of a tetrahedron is in the point of intersection of the straight lines drawn from each 
summit to the centre of gravity of the opposite face. ^^ >^ 

This being established, let O. F^. 8832, be the middle of the edge BO ; draw A O and D O, 
take OH equal to a third of A O, and 01 equal to a third of O D. The points HandlwiU be 
respectively the centres ofgravity of the forces ABO and 
BCD. DrawAIandDHT These st a ght lines which are 
both in the plane A O D, will meet in a point G, which will 
be the centre of gravity of the tetrahedron. But, if we draw 
IH, the similar triangles lOH and AOD will give the 
proportion IG:GA = IH : AD; but the similar teiangles 
lOHand AOD alsogivelH: AD = 0I:0D = l:8; 
therefore, on account of tne common proportion, I G : G A= 
1:8, whence IG : IG-f-GAr=l : 1 -f- 8. or IG : lA 
= 1:4, that is, IG is a fourth of AI. Thus the centre of 
gravity of a tetrahedron is situate upon the straight line tehich 
joins the summit to the centre of gravity of the base, at a distance 
of one^fourth of this line from the base. 

It may be remarked that if through the point G we 
draw a plane parallel to the base B C D of the tetrahedron, 
this point will be the centre of gravity of the section deter- 
mined by this plane ; so that the centre of gravity of a tetra-- 
hedron is that of the section parallel to its base, at a quarter 
cf the distance between this base amd the opposite summit. 

Suppose the points A, B, 0, D, to be the points of ap^ication of four equal and parallel forces 
the common intcoisity of which we will represent by P. To compose these rour forces, we may first 
compose the two forces P applied to the points B and C, which will give a force 2 P applied to the 
middle O of B 0. We shall have, further, to compose this force 2 P applied in O with the force P 
applied in D ; to do this we must divide tne distance O D in the inverse ratio of these forces, that 
is, in the inverse ratio of the numbers 2 and 1, which will ffive the point I, the centre of gravity of 
the base BCD. Lastly, we shall have to compose the force 8 P applied in I with the force P 
applied in A ; to do this we must divide A I in the inverse ratio of the numbers 8 and 1, which 
ml give exactly the point G. 

Consequently the centre of gravity of a tetrahedron is the point of application of the resultant of four 
tguedforces, parallel and in the same direction cqtplied to thefiiur summits respectively. 

The four forces P may be composed in another wav. We may first compose the forces P applied 
in B and C into a single force 2 P applied in the middle O of B O. We may then compose the two 
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other forces P applied f n A and D into a single foroe 2 P applied in the middle K of A D. It will 
remain to oompose the force 2 P applied in with the foroe 2 P applied in K, which will give a 
farce 4 P applied in the middle O of the straight line O K, The point G found in this way mnst 
evidently be the same as that which has been fonnd by another method of composition. Therefora 
the centre of gravity of a tetrahedron is in the middle of the straight line tohich joins the middles of two 
opposite edges. As there are three analogous right lines joining the middles of two opposite edges^ 
it follows from what we have just said that these three right lines out eadi other in the middle ; 
which is indeed a known theorem in geometry. 

Truncated Tetrahedron.^ljei A B C D E F, Fig. 8333, be the given frustum. It may be demon- 
strated, as in the case of the tetrahedron, that the centre of gravity must be upon the straight 
line I H whi<^ joins the centres of gravity of the two bases. 
Let 6 be this point ; it remains for us to determine the ratio of 
the lengths G I and G H, or, which amounts to tije same thing, 
the ratio of the distances from the point G to the planes of the 
two bases. Let x and y be these distances ; then x -i- y = h 
the height of the frustum. Denote the base A B G by B, and 
the base D E F by 6. Decompose the frustum into three pyra- 
mids by the planes AEG and A E F, as would be done in nnd- 
ing its volume ; and take successively the moments with respect 
to the two bases, noting that the distances from the centres of 
gravity of these partial pyramids to the bases D E F and ABC 

13 3 

are respectively j h and 7 A for the pyramid A D E F, -^ A and 

1 II B 

2 h for the pyramid E A B C, and ^ A and - A for the pyramid 

E A F G, as its centre of gravity is in the middle of the straight line which would join the middles 
of the opposite edges E F and A 0. We shall have therefore, by first taking the moments with 
respect to the base DEF, 

ABGDEF.a? = ADEF.^ A + EABC.?A + EFAO.iA, 

4 4 2 




or 



ABGDEF.j? = ^A«(6 + 3B + 2VB6). 



Then taking the moments with respect to the base A B G, we shall have in like manner 
ABGDEF.y = ADEF. |a + EABG . j A + EF AG . i A, 



or 



ABGDEF.y= ~A«(36 + B + 2VB6). 



Dividing the two equalities member by member, and simplifying, we find 



X _ GI _ 6 + 3B + 2VB6 
y *~H^" 36 + B + 2Vir6 



[A] 



The bases B and h may be replaced by the squares of their homologous edges, since they are 
proportional to them ; calling these edges A and a, we get 

« _ GI^ _ a* + 3A« + 2Afl ^ 

y ~HG"3a« + A* + 2Aa' 

It may be remarked that when the two bases are infinitely near, 
they differ infinitely little from each other, and that G I is then sensibly 
equal to G H, that is, the centre of gravity is sensibly in the middle of 
the straight line which joins the centres of gravity of the two bases. 
This was what occurred in the case of the elementary sections under 
consideration when we were seeking the centre of gravity of the tetra- 
hedron. 

Any Pyramid, — IaX SABGDE, Fig. 3334, be a pyramid with 
any base. Decompose It into tetrahedrons by the diagonal planes 
A S G and A S D. At a distance from the base equal to a quarter 
of the height of the pyramid, draw a plane ahcde pcoallel to this 
haae. This plane will contain the centres of gravity g^ g\ g'\ of the 
partial tetranedrons, and consequently the centre of mvity of the 
whole pyramid (PrincipUD. But the tetrahedrons S A B G, S A G D, 
bade!, having the same neight, are to each other as their bases, or 
as the triangles a 6 c, acdf, ade^ proportional to these bases. There- 
fore, if we suppose applied to tiie points ^, g\ g'\ weights equal to 
those of the oorresponamg tetrahedrons, these weights would be at the same time proportional to 
the areas of the triangles abc^acd, ade. Hence it follows that the point of application of the 
resultant of these weights is no other than the centre of gravity of tiie polygon abode. But it 




GRAVITY. 1713 

may be easily seen b^^ simple similitudes of triangles, that the stiaight line which joins the smnmit S 
to the oentre of gravity ot the base A B G D E of the pyramid, paast^s through the centres of gravity 
of all the sections, as a 6 e d «, parallel to this base. Therefore the centre of gravity of any pyramia 
U upon the straight line uhickjoine the tummit to the centre of gravity of the base, at a diitance of on&- 
fourtli of IhiB line from the haie. 

This t leorem extends to a cone, whether right or oblique, and with any base, since such a body 
is a pyramid whoee base is a polygon with an infinite number of io finitely small sides. 

^^ncated Pyramid. — If the frustrum of the pyramid be decompot^d into frusta of tetrahedrons, 
their upper bases will be proportional to the lower, and generally to the sections made by the same 
plane purallel to the bases. Hence it follows that the ratio of the distances from their centres of 
gravity to the two bases will be the same lor each of them, and that or nsequently their centres 
of gravity will be in the same plane parallel to the bases, and determined by the formula [A] given 
above for the frustam of tetnihedron. The oentre of gmvity of tlio whole frustum of tie pyramid 
will therefore be also in this plana Again, the partial truncated tetrahcdions having tne s><me 
height, and proportional bases, are to each other as these bases, or as the sections made by the plane 
containing the centres of gravity of the partial tetrahedrons. Therefore the centre of gravity of a 
frustum of the pyramid it upon the straight line uhich joins ttte centres of gravity of the two hoses, and 
it div'des this line in the proportion ezpretaed by the /ormtfia[A] relative to the tetrahedron, the letters 
B and 6 denoting in this case the bases of the frustum of the pyramid. 

This proposition extends to the frustum of the cone; and the bases of B and h being in this 
case proportional to the squares of their Badii R and r, we have, still denoting by x and y the seg- 
ments determined by the centre of gravity sought upon the straight line which joins the centres of 

gravity of the two bases, - = 3^ ^ k« ^ gRr * 

The Sphere,— The centre of gravity of a sphere is its centre of shape. 

A Spherical Sector. — We mav conceive the sector divided up into elementary pyramids, all of 
them having their summits in the centre of the sphere. The centre of gravity of each of them will 
be upon the radius drawn to the centre of gravity of the element of spherical surface which serves 
as its base at a distance of { of this radius from the centre. Suppose an auxiliary spherical surface 
described, with a rr.dius equal to f that of the sphere, and terminated in the cone which limits the 
sector, which spherical surface will be similar to that which forms the base of the sector. This 
auxiliary surface will cut all the pyramids, and the section obtained in each of them will have its 
centre of gravity at the same point as the pyramid. Hence it follows (Principle Y) that the centre 
of gravity of the sector is the same as that of the auxiliary surface, and that consequently it is in 
the middle of the axis of this auxiliary zone. If R is the radius of the sphere and h the height of 

8 3 

the spherical surface which forma the base of the sector, - R and - h will be the radius and the 

height of the auxiliary portion. Calling the distance from the centre of gravity of the sector to 

the centre X, we have therefore Xs-^f^-'o^)' ^^ ^^® sector is half a sphere, we have A = R, 

3 

ahd consequently X = - R. 

o 

A Body terminated by a Surface of Revolution.— 1^ O X, Fig. 8327, be the axis of revolution, and 

We mayregard the whole volume as composed 
and a height P P' = rfx. The 
therefore we put O C = a, and 
O t> = 6, the abscissie of the planes perpendicular to the axis serving as limits to the body under 

/"•ft 
consideration, we shall have first, V = ir / y^dx,\ being the volume of the body. The centre 

of gravity is upon the axis of revolution at a distance X from the origin, which will be given, in 

virtue of the theorem of the moments, by the relation VX = »'/ y*xdx. Replacing y by its 

value and integrating, we obtain the unknown distance X. 

A Body terminating in any Surface,— Suppose the body included between the two given surfaces 
jf, = F (a:, y) and *, = / (*, y), the planes x = a, x = a\ and the planes y = 6, y = 6'. The element 
of the volume is the rectanguhir parallelepiped dxdydx; the tutal volume V is therefore 
expressed by the relation 

VsT"* n r'^dxdydz^ r^ C [F(x,y)-f(x,yy]dxdy. 

We have further, taking the moments of these elements with respect to the three co-ordinate planes, 

VX^y r j'dxdydzz^l f [F(x,y)-/(x,y)]jrc/x.Jy. 

VY= r** J C'^ ydxdydz^ jj C [T(x,y)'-fix,yy]dx.ydy. 
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Any Volume. — ^In certain capes, in earthwork for example, it may be required to find the centra 
of gravity of a wholly irregular figure. We will suppoae the case of a mound given by the 
projections of the curves of its level. The first step is to compute the area included under each of 
these curves. Let A be the distance of the consecutive planes of these curves. If this distance is 
not too great, and the curves do not vary too abruptly, we may consider each section included 
between two consecutive planes as a truncated pyramid, the volume of which may be determined 
by the known rule. Find the centres of gravity of the two bases ; the centre of gravity of the 
section will be upon the straight line which joins these two centres, and it will divide this line in 
the proportion expressed by the formula [A]. Knowing thus the volume and the centre of g^vity 
of each section, take the moments with respect to a horizontal plane and with respect to two 
rectangular vertical planes, and the rectangular co-ordinates of the centre of gravity of the mound 
will be obtained. 

. YIII. The centre of gravity possesses various properties, the most important of which is 
expressed by OiUdin*8 Theorem, 

I. The volume of a truncated cylinder is equal to the product of its right section by the distance 
between the centres of gravity of its tvco bases. Suppose, in the first place, the lower base to be the 
right section itself; take it as the plane of the xy% and let be the angle which the upper base 
makes with this plane. If A denote the total area of the upper base, and » an element of this area, 
a COS. B and w cos. $ will denote the total area of the lower base and the element of this base 
corresponding to the element «. Call the ordinate of the element m, z. The volume of the cylinder 
which projects w upon the plane of the base will be expressed by t» cos. . m within an infinitesimal 
of a superior order, and the volume of the truncated cylinder will consequently be expressed by 
V = 2 » cos. 0,z = COS. . 2 « ». But if Z is the ordinate of the centre of gravity of the upper 
base, we have, by the theorem of the moments, fi Z = 2 w « ; therefore Y = cos. 9 . fi Z, that is, the 
volume sought is the product of the lower base fi cos. by the ordinate Z of the centre of gravity 
of the upper base. But the foot of this ordinate is precisely the centre of gravity of the lower 
base, for if X denote the distance from the centre of gravity of the upper base to the plane of the 
y z*a and X' the distance from the centre of gravity of the lower base to this same plane, we shall 
have, todetermine these two distances by, the equations A X=2 u x and fi cos. . X'=2 . » cos. 0,x\ 
the second may be reduced tofiX'= So»x = fiX, whence X = X'. 

It may be seen in the same way that these two centres of gravity are at the same distance from 
the plane of the xz*% ; therefore they are upon the same line parallel to the axis of the z\ and the 
second is the foot of the ordinate of the first. The theorem is thus demonstrated for the case 
under consideration. 

K the planes of the two bases are of any kind, we may divide the truncated cvlinder, by a plane 
perpendicular to its edges, into two truncated cylinders which will come under the first case ; and, 
oy summing, we shall see that the measure of the volume is the right section multiplied by the 
sum of the ordinates of the centres of gravity of the two bases with respect to this right section, 
the foot of both of which ordinates is the centre of gravity of this section ; this expression amounts 
therefore to the product of the right section by the distance between the centres of gravity of the 
two bases. 

2. We will now consider any number of bodies the weights of which are p, p\ p'\ d:c. We shall ' 
determine the centre of gravity of this system as if it were solid. Let p, p% p", &o., be the distances 
from the respective centres of gravity of these bodies to the origin, R the distance from the centre of 
gravity of the system to this same origin ; a, /9, 7, a', fi\ 7', a", fi ', 7", &c,, a, 6, c, the angles which the 
straight lines upon which these distauces are measured make with the three axes. Putting P for 
the total weight, we have, by tiie theorem of the moments, 



PBcos.a = 2/>poo6.a, PB00S.& = 2ppco8./9, PBcos.c = 2|7pcos.7. 



m 



These relations express that if we apply to the origin, forces proportional to the products p p^p' p\ 
p" p", ^c, and respectively directed towards the centres of gravity of the partial bodies^ they toill have as a 
resultant a force proportional to the product P B and directed tow irds the centre of gravity of the system. 
If the origin were the centre of gravity itself, the forces p p, p' p\ p" p", &o., would hold each other 
in equilibrium in this point, since the resultant would he nil. 

3. If we square both members of the equations [1] and add them together member by member, 
we get P* B* = 5j3*p* + 36 . 2pp'pp' (cos. a cos. a + cos. /3 cos. fi' + cos. 7 cos. 7'), or, calling the 
angle of p with p' (j>p'% P* B« = 2p*p* + 5 2pp'pp' . cos. (pp'). If r denote the distance* of 
the centres of gravity of the bodies p and p\ we have r* = p* + a** — 2pp' cos. (pp'), whence 
2 p p' cos. (p p') = p« + p** - r», consequentlv P« B» = 2 ;>* p« + ^pp' (p* + p** - r»). Ck)llecting all 
the terms in p*, we have p* (p* -j-pp' -i-pp' + ...)orp*.Pp; analogous terms would be found by 
collecting all those containing p**, then those containing p"*, and so on. We may therefore write 

P« B« = P 2p p* - :ipp' r«. [2] 

We conclude from this relation that if the system be moved without changing itsform^ and in such 
a way that its centre of gravity remains always at the same distance from a fixed point (the origin), the sum 
of the products of the weights of the different bodies by the square of their distance from this fixed pointy 
will remain constant. For B being constant, as well as the distances represented by r, the term 
V%pf^ must be constant, and consequently the same is true of 2 p p* 

The relation [1] may be written Spp' = P B' + --^ — ; under this form, that the system 

retaining its form, that is, r, r*, r", &e., remaining constant, Sp p' wiU be as small as possible when 
B is equal to lero • iu other words, the centre of gravity possesses this property, namely, that the 
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turn of the products of the weights of the (Afferent bodies by the square of the disttmcefrom their partial 
centres of gravity to the centre of gravity of the system^ is a minimum, 

IX. If all the material points forming a purt of the system under consideration are in the same 
place, where the value of the acceleration g due to the weight may be regaxded as constant, we 
may, in the equations of the moments, substitute the masses for the weight^ and write 

MX = 2m«, MYi=2my, ldZ=2mz. 

If these different points are &r enough from each other to make g yary sensibly, these equations 
cannot be deduced from the equations of the moments. But they define, neyertheless, the co- 
ordinates X, Y, Z, of a certain point in space, which plays an important part in the mechanics of 
free bodies, and particularly in astronomy. Euler proposed for this point the name of centre of 
inertia; other writers have proposed to call it the centre of mass ; the name of centre of gravity has 
however predominated, though gravity is foreign to the determination of this point. Care must 
be taken* in order to avoid confusion, to distinguish the case in which the weights are proportional 
to the masses, from that in which thisjnoportion has no existence. 

Movement of tks Centre of Qravity, — When a material system is in motion, its centre of gravity is 
generally in motion too ; and this motion may be determined when that of each of the material 
points which make up the system is known. The determination of this is the object of a theorem 
known as the Principle of the motion of the centre of gravity^ which we will now establish. 

I. Let PjP\p'\ fto^ be the weights of the mat^al points of which the materiid point under 
consideration is composed, jt, x*, x' , Ac, Hieii distances from a plane of comparison, P the total 
weight of the system, and X the distance of its centre of gravi^ from the same plane. We shall 
have by the theorem of the moments of parallel forces, 

px + p'x' + p'v + , , . = px. rij 

But if all the points of the system are in a space so limited that the acceleratioxi^ due to* the 
weight is the same for all these points, we may, dividing iill the terms of the relation [1] by g^ 
substitute the masses for the weights, and write 

mr + m'r' + m'V + . . . = MX. [2] 

In this relation, the quantities x, x\ x", Ac, X vary with the time, and may be considered as 
functions of this variable. Differentiating with respect to the time, we have 

d X f d x' tfd "c" •»«• '^ ^ 

"rf* + " T* + "* 77 + ••• = " 77 • 

dx 
But -r- is the component, perpendicular to the plane of comparison, of the velocity of the point 
d t 

daf 
whose mass is <n ; we will represent it by o«. Also -rr is the component, in the same direction, of 

a t 

the velocity of the point whose mass is m' ; we will represent It by v «, and so on with the others. 

Similarly -7— is the component, perpendicular to Ihe plane of comparison, of the velocity of the 
d t 

centre of gravity ; we will represent it by V* . By means of these notations, the above relation 

may be written, mvt + m' v*, + m" 0' « + ... = M Y« , or, abridging the expression, 

am», = MV,, [3] 

that is, the mm of the quantities of movement of the vfhole system, projected upon cm axis perpendicular 
to the plane of comparison, is equal to the quantity of movement of the centre of gravity, projected upon 
the same axis (if we atMbute to the centre of gravity a mass equal to the total mass of the svstem). 
If we consider the system with reference to three rectangular axes, of the jr's, of the ^s. and of the 
c's, and project the quantities of movement successively upon these three axes, we shall obtain, for 
the axes of the y*a and the jt's, two other equations analogous to the equation [8], namely, 

3mtv=MV,, [4] 

and 2mv. =My«. [5] 

The equations [8], [4], and [5] will determine the velocity T of the centre of gravity ; for we 

deduce first, V, = 2J^ , V-=^^, y. =?^. We shaU have further 

MM M 



and if a, ^, 7, denote the angles which this velocity makes with the axes, 

V V V 

ocs.o = Y, cos./3 = -^, coe.y = -^. 

n. The equations [3], [4], and [5] are, besides, susceptible of a remarkable interaretation. The 
quantity of movement of a material point is a number of kilogrammes ; we may therefore always 
conceive a force which has the same direction as the velocity of the body in motion, and whose 
iptensity is expressed by its quantity of motion. Let ^, ^', ^", &e., be the forces which would 
thus represent the quantities of motion of the various material points of the system, ♦ the force 

5 B 2 
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which, in like manner, would repreeent the quantity of motion of the centre of gravity; let 
^* a',, ^",, &0., ♦„ be the projections of these forces upon the axis of the x% respectively equi- 
vtJent'to the quantities of motion projected upon the same axis, or to m v<, m' ©',, m"©",, &c., M V,. 
In virtue of the equation [3] we shall have 2 ^x = *x. We should have likewise for the other two 
axes 2(py = *y and 2 ^x = ^t • But these last three equations denote that the force ♦ is the 
resultant of the forces ^, ^', ^", Ac The equations [3j, [4], and [5] denote that the quantity of 
motion of the centre of gravity ia the resultant of the qwintitiea of motion of the various points of the 
system transferred paraM to each other to this point (supposing the quantities of motion to be com- 

poa^ like the forces). 

IIL This relation exists at any instant during the motion, and consequently also at the instant 
of initial motion. So that if we denote by the index zero the initial velocities, we shall have, in 
virtue of the equations [3], [4], [5] themselves, 

2mv = MVor, [6] 

^mv„ = 'M.Y„, [7] 

af»Co.=MVo,. [8] 

Subtracting member by member the equations [6], [7], [8] from the equations [8], [4], [51 wo 

obtain 

2m«, - 2m V = M V, - M Vo,, [9] 

2mtv — amrj^ = MV, — MV„, [10] 

amr, -amca, = MV, -MVo,. [H] 

Bat in virtae of the principle of the quantities of motion, or of the effect of impulse, we have 

rt 

2m9» — 2m9o»= I "Radt, 

J^ 

"Bjdt, 

rt 

2 m Os — 2 m Vq, = I "Budt, 

Jo 

B denoting the rendtam of translation of the external forces soliciting the system; we may there- 
fore write 



My.-MVj. 



-J^"-"1 



MV, -MVo,= R^dt 



-j: 



[12] 



MV. -MVo,= r R.dt 

But these equations are those of the motion of a material point whose mass is M, whose initial 
Telocity is Yq, and which is subjected to a force B. Therefore we may say, the centre of gravity of 
a material system moves as if the whole mass of the system were concentrated in it, as if the resultant of 
translation of all the external forces were applied to it, and as if all the quantities of initial motion had 
been transferred to it parallel to each other and composed like forces. Such is the principle of the 
movement of the centre of gravity. 

lY. This principle does not depend upon the mutual forces which are exerted between the 
various material pomts of which the system is composed. From this observation, several conse- 
quences are deduced ; — 

1. Suppose a s]}herical bomb thrown into space ; its centre will describe a trajectory in the 
vertical plane passing through the direction of the initial velocity. Suppose also that at a certain 
instant the bomb bursts ; as the explosion is due merely to the interior mutual forces which aro 
developed, these forces will not alter the motion of the centre of gravity ; and if it were possible to 
determine at each instant the centre of gravity of the system formed by the fragments of the bomb, 
we should see that this point continues to describe the trajectory which the centre of the whole bomb 
was describing before the explosion occurred. 

2. The e<}uations [12] explain also the effects of the recoil in fire-arms. Let us take as an 
example a piece of cannon standing upon a horizontal soil with its carriage. Previous to the 
explosion the system was subjected merely to its own weight, and to the reactions of the ground, 
producing a resultant equal and contrary to this weight : and these forces passing through the 
centre of gravity gave a total resultant equal to zero. The explosion being due solely to mutual 
molecular forces, the resultant of translation B remains nil ; in virtue of the equations [12], which 
in this case are reduced to one. If we take as the axis the horizontal direction of the shot, the 
flnaLquantity of motion is eoual to the initial quantity of motion ; but this was nil ; the final quantity 
of motion is therefore nil also. Denoting the mass of the ball by m, its velocity by r, the mass of 
the piece and its carriage by M, and the velocity of the recoil by u, we have m v — H « = 0, 



\m flf^jSi b; the ratio between the mM* at the btOt (ltd 

HtM^'°°'*' of the recoil is a little tesi. on *a»tmt 

^ _ ^Wi'bB "^ ^^ wheels apon their bearingi, md th&t of 

rr^^tm 9>flnM]||S»fli(AAe8,orwhen thsexterBal foroea give a remltant 

t m§ MtKMWatS'bwTtg^* Whe eotl»tion8 ri21 »re nil. BJid the flml Qaantitr 

'•■— -■■■*-^-(j|»|M«iiiiti«a quantity. If the centre of mvitj wero 

»lj^f B^^eued a oertaiu Telocity, it would reta 



'. The two equal and contrary foraei 
to (ero ; contequently the couple haa no 

eint were originally at reat, it would 
merely (me of rot»ticHi about an axia 

[Gcl, ScUaiftUin; Ital., Mola; Bttx^ PUdra 




recoil would be 
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I fraotlou of the Initial 



h%bg&UU£#»:€P<'ean the peripheriea of the gnnditouM. The 
MWlSfe <^^aS^«B4her in rei^ir, and thereby obTiatins the neoee- 
.... — . — 1 — ■ " ^^ beoome uneren, owing to the Innqn a li t iM 

ifiJU longitudinal, of one of Mnir"! grinditonea. In 

iWnat iron or other Bailable material ; b and e *m 

Sf^l bolted to the fluehea of the tiongh a. llie 

ndnt «■ One of tbcM grindatonee i* drtven by 

toother by a crossed strap paaaing round the 

^ pulley, are geared. *'*"'° *V,SI^^,*'lJl'2 

l&Tereut diameters, in order tbst there (nay be » 

Jiaatone* ThU robbing aoUon has a tendjmoy to 

?aijdrioal ; but in order to produce this reault mow 

'"u* giren to one or both of the grmdatones, in tte 

iWo e U flied a epnr-pinion c*, whjdi gears Into 

loket <P, bolted to one of the pedestaU d; to the 

thi« groove a stud, projecting ftom the Itak ?, 

1 its cater end ia jotnlod to the lower end of the 

bracket (C ; its upper end ia forked, and takea 

„ S^&ix^ on the shsfl of the grindstone c. By lb» 
i^h^Sral motions of the grindstone are timDltaoeooi : 
" " living move* the liA ff to and fta Thii aiotion 
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GUN-OAEEIAQK 



ifl oommiinicated to the lever A, and by it to the grindfifone. When the grindBtoneB diminiBh in 
diameter, the bearings d in which they revolve are gradoally brought closer together, so as to keep 
the peripheries in contact, by the attendant turning the shaft «. This shaft is furnished with two 



8?3d. 




worms taking into the wheels j\ fixed on the screws k* eaoh of these screws is made with a right- 
handed thread at one end, and a left-handed thread at the other ; consequently, when the shaft i is 
turned in one direction it causes the pedestals d to approach, and when turned in the other direc- 
tion it causes them to recede from each other ; the rubbing produced by the peripheries of the 
grindstones moving at different velocities, and by the lateral motion, causes the inequalities on 
the peripheries of one stone to be removed by the other, thereby keeping them both in working 
condition. Instead of making the peripheries of the grindstones revolve at different velocities, and 
of giving a lateral to-and-fro motion to one or both of them, in some cases we may introduce a flat 
piece of stone, or other suitable material, between the peripheries of the grindstones at the point e 
in Fig. 3336, and give a to-and-fro motion to this piece of stone, the action of which on the peri- 
pheries of the grindstones would keep them true. The same object may also be obtained by causing 
one or both of the grindstones to swivel partly round, so as to produce a rubbing action on their 
peripheries. The stones may also be dnven so that they revolve in the same direction ; the peri- 
pheries at e in Fig. 3336 would then run in opposite directions, as shown by the airows. 

GRIST-MILL. Fb., Mouiin a dreche; Qeb., Schrotm&hle; Span., Molinopara trigo. 

See Mills. 

GROUND- AUGER. FiL, Jhriere a fond $ Geb^ Grundbohrer; Ital., TnveOa; Spak., Sonda. 

Bee AuoEBSL 

GUDGEON. Fb., TbunTfon; Geb., Drehxapfm; Ital., Pertyo; Span., PivoU. 

A gudgwn is the piece of iron in the end of a wooden shaft, on which it turns in a ooUar or on a 
gudgeon-block ; formerly the part of any horizontal shaft on which it runs. 

GUN-CARRIAGE. Fb., Affut de canon ; Gkb., Ge9chiUz Samperi ; Ital., Affusto ; Span., CureHa. 

Captain Scotfa Oun^Carriage for Beavy Naval Ordnance, — Simple as the invention of a suitable 
gun-carriage for heavy naval ordnance may appear, yet, in attempting this apparently easy tadc, 
before R. A. E. Scott succeeded in accomplishing it, many ingenious inventors failed. Fig. 8337 
represents Scott's 300-pounder carriage and slide. The running-in-and-out gear is shown in 
Fig. 3338, and consists of two endless chains, stretched over two pitch-wheels on each side of the 
slides, with a screw arrangement for tightening the chains. When the gun is required to be run 
in, the outside part, or toes, of the compressor-levers are pressed against the lower part of the box, 
as shown in Figs. 3338 and 3340, which is serrated on its upper edge, so as to fit between the pins of 
the chain links, and press them up against the serratea edge of the upper box. By this means 




— 9 €- 



1719 



wmsM 

>^S''m*W»^«> pro"' 



■Id by the whole forae of the oompreesor a a, 

-h tliem are ktUohed to the oarrUge, it u oiilj 

I aUdea to draw the ^oa m or out. When either 

is turned, and the luiior part, or heel, of the 

'UiBg. Thiu oue compresEor perfbrma the double 

the cbBina on both ridci of the slide together 

„ , g always in place, and out of the way of every 

g^ previoiuly experienced in working heavy gaoM 

under the idea— however powerful and itrong 

single parL 




&-J6- "S- - 



IH 



^W^.'. 



J npon whioh these arms 
-~,-^- r--j—* beyond: it ii prortdedwlth aright and 
St(3bTniDg a handle shipped npon the ^aft at either 
J^wStQTer-amis. The fore compressor is applied when 

t additional means of readily oheokuiK the gaa 
ta of raised racers was adopted in U.H.'* ships 
the latter shipa the oentrea of the racers were 
Is raised so as to admit the guns to be trained 
'^ths ship's dde of the front racers wero slotted to 
^ slide securely down to the dock, and rendered 
3 well Bi in the Basearch, the front of the slide 
Seeking in a grooved raoer ; bnt after the trial of 
S* the toll in the Minotaur without this fastening, 
^a pivot-bar, or flai*, of the same strength as the 
mlo the pivofr^oint in the port as a preventer. In 
||S1° each way ; bnt tw other gun with the V-fl>P 




1720 6UN-0ABBIAGE. 

and fixed pivot obtained 80 mach as 29^. A similar resolt was observed in the Bellerophon, 

where, although the port was closed up from 2 ft. 9 in. to 2 ft. 1 in., the training was still 81^ each 

way. The training of the other guns in 2 ft. 9 in. ajpertures was only 30°. Fig. 8341 shows how 

the Minotaur's port was closed on the lower 

side 14 in., the comers being rounded and made 334i. 

much higher. 

The application of this important feature of 
Scott's system of mounting haid a similar efiect 
to throwing the lower port-sill a mean of 16 in. 
higher out of the water, thus adding greatly to 
ft vessel's capabilities of fighting iu a sea-way. 
Had a small half-port been fitted up, 7}° of de- 
pression could have been obtained in the Bellerophon, and 9° in the Minotaur, when wanted. This 
woodwork rendered protection to the loaders against the spray of the sea ; nor was any disadvantage 
found, but the contrary, from closing up the port, the rapidity of the fire in the Minotaur with 
the 150-lb. ball being more than double that previously obtained, and the quickness in the Belle- 
rophon, with the 250-lb. rifled shot, being equally unmatched. The elevating gear ABC, Fig. 3387, 
consists of a screw worked through a box, fitting inside another box which is fastened to the gun. 
These boxes have a washer interposed between their surfaces, and the outer box is, open at the 
bottom ; hence, when the gun is fired with its muzzle above the upper port-sill, the outer box is 
lifted several inches up from its resting place on the inside box, when the muzzle dipped under the 
port-sill, and then dropped easily down again upon the washer on the top of the inner box. JBy 
this contrivance the weight of the breech of the gun is received without any damaging shook, and 
the jar of the discharge is absorbed likewise. Any fixed elevation can also be given and main- 
tained with certainty in bombarding. Motion is communicated to the screw through two bevelled 
wheels, diown at B, Fig. 3337, suitably supported upon the bottom of the carriage. B^ means of 
han lies worked upon each side, a rapid touch may be given in elevating the p^n; in case the 
captain should find it rolling up or down, hia sights would not come on with the object to be fired at. 

Jiunning-in^nJ-out Eccentrics. — For Scott's carriage, eccentrics, which had to stop to allow them 
to pass the centre, and remain fixed in that position, were devised. This prevented the necessity of 
having the men to hold on to them in runnmg the gun in or out ; the arrangement also allows the 
crew on each side to hold on by the ropes which were attached to the ends of the levers of the 
eccentrics, if required, and so keep the eccentrics ready to drop the carriage off its rear rollers or 
trucks. The levers which work the eccentrics are upon the sides of the carriage, and so fitted that 
the screw is prevented from injury in case the gun should go off in being run out Should the 
eccentrics be slacked up, the carriage would drop upon the slides, with a surface of wood every- 
where touching a sarface of iron, as dropping the rear of the carriage lifts the front trucks off the 
slides ; and as both these surfaces are rough, there would then be an absence of sliding su£Scient 
to keep the carriage and gun from moving in a roll. The lever-handles are fitted with bands round 
the drumhead of the eccentrics, which hold them securely when the levers are let drop out of use. 
In consequence of these arrangements, every part of the mounting is in place, ready for use : the 
man who is termed No. 7, having no mechanical labour to perform, can give his whole attention 
to keeping the gun pointed upon the object, which can be done by means of the rack and pinion, 
so stefMlily as not to interfere vrith the loading. The requisite elevation in case of a change in 
the heel of the ship can also be given with the same ease and steadiness ; and all these operationa 
can be performed simultaneously. 

The rear compressor. Fig. 8840, being on a lower level than the fore one. Fig. 8839, and being 
also considerably below the level of the proposed height for the lower pori-sill, would probably 
escape injury should the front conipreeijor be hit. Although the rear compressor is less powerfuL 
it is more important than the other, being employed to catch the chains in nmning the gun in and 
out, and beinff also the principal working compressor for holding the gun on being fired. The only 
addition made to this oompressor, to enaUe it to perform also the duW of clutchmg the chain, 
ooQsists of small pieces, or toes, on the outside of the lever^rms oa^fa. Fig. 8340. These toes are 
shown at aa^ Fig. 8340, in which the rear compressor is ahown in section, compressing the 
balks B, B, B, preparatory to firing, and consequently with the toe-pieces at a a clear of the lower 
box. The balks of wood B, B, B, upon which the compressors act are slightly tapered longitu- 
dinally towards the front of the slide, and are verv much tapered in their depth. 

The Mbncrieff System of Gun-Carriage, — ^We shatl in tiiis place only explain the Monorieff system 
of working artUlerv as far as it relates to coast defence. 

This system is based on sound philosophicid principles, and may bq investigated under the three 
following heads ; — 

lst« The mechanical principle of the gun-carriages. 

$Snd. The form internal ana external of the batteries. 

Srd. The selection of ground for placing the batteries, and the anangement for working them 
to the greatest effect; or, in other words, the tactice of defence for positions where the system is 
employed. 

The principle on which the carriage, Fig. 8342, is oonstructed is the first and most important 
part of the new system, because on it depends the possibility of applying the other parts. This 
principle may be shortly stated as that of utilizing the force of the recoil in order to lower the 
whole gun below the level of the crest of the parapet, so that it can be loaded out of sight and out 
of exposure, while retaining enough of the force above referred to to bring the gun up again into 
the firing or fighting position. This principle belongs to all the carriages ; but the forms of these 
oarriages, as well as the method in which this principTo is applied, vary m eadi case. For instance, 
in siege guns, where weight is an element of importonce, the reooU is not met by counterpoise. 

With heavy garrison guns, on the other hand, which when once mounted remain permanent in 
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GUNNEBY. 



OUNNEBT. Fb., Sdenee de VafiiJkn$ ; Okb^ ArtOkrie Wiu«ik»chaft ; Ital^ AHiglieria ; Span., 
Ciencia del artillero. 

Gunnery ia that department of military Boienoe which oomprehends the theory of projectilea 
and the manner of employing ordnance. 

When great minds conspire to perpetuate a fallacy, it has alwajrs been a difficult matter to clear 
that fallacy away. We know of no subject capable of being submitted to mathematical investiga- 
tion that has received a gpreater amount of falLebcious treatment, and that too, by great minds, than 
the motion of projectiles. Besides, school-taught pedants, thimble-rigging with mathematical 
symbols, reducea this branch of military science to a deplorable state of uncertainty, and left the 
artillerist to play a game of blindman's-bu£f with his guns. Initial velocities have been little more 
than guessed at, the resistance of the air overrated, and the force of gravity misstated. It is well 
known that General Anstruther's physical courage is great, but, with these facts before him, his 
moral courage must be as great as hi^ physical, to propound and develop a new system of gunnery ; 
but " his heart is in his work, a'nd the heart giveth grace unto every art.'' The system introduced 
by General Anstruther, whicn is practical and easily applied, must give correct results within the 
range of his experiments, without offering any special theoir about initial velocities, the resist- 
ance of the air, or the force of gravity ; indeed, in Anstruther's system are collected all these 
elements. 

In the following fifty-eight para^n^phs Major-General P. Anstruther lays the foundation, and 
illustrates the practical application of his system. 



In the first paragraph he denies the difflotdty 
of drawing the trajectory of a projectile. 

2. Defines what it is that we want to do. 

8. States our want of data for the pur- 
pose. 

4. Expresses a wish that we may get 
them. 

5. Describes our intended demonstration. 

6. Shows how Colonel Boxer says it is to bo 
done, algebraically. 

7. Admits his demonstration, but requires it 
in numerals. 

8. Names an elevation and time of flight, 
45° and 27 '1 seconds. 

9. Gives the ascent, descent, and range, in a 
vacuum. 

10. Defines Fig. 8348, the triangle for the 
given elevation. 

11. Graduates the ascent of tlus triangle, 
unresisted. 

12. Graduates the descent of this triangle, 
unresisted. 

13. Proposes comparison with recorded fact. 

14. States the recorded range for elevation 
45° in 27*1 seconds. 

15. Shows the reduction produced by the 
resistance of the air. 

16. Infers the power of measuring the re- 
sistance. 

17. Shows the value of }^ for 27*1 beoonds 
of time. 

18. Shows the varying value of} ^, as printed 
years ago. 

19. Shows where this may be had, printed, 
in extenso, 

20. Assumes that we now know the true law 
of gravity. 

21. Defines Fig. 8344, a parallelogram on 
Fig. 8343. 

22. Defines the two lines added. 

23. Applies the law of the composition and 
resolution of forces. 

24. Why applied to our question. 

25. Bequires the graduation of the vertical 
descent. 

26. Shows the graduation of the descent the 
same for all elevations. 

27. The graduation of the vertical ascent 
varying with elevation. 

28. At 90^ elevation the two coincide exactly. 

29. Proposes to apply this to our example. 

1. There would be no difficulty whatever in 
the artillery officers could be persuaded to deduce 



80. Shows place of ball at end of 27*1 
seconds, elevation 90°. 

81. Shows additional time to be required for 
descent. 

82. Shows that this will equally increase 
time of ascent. 

83. Tries an addition of 6*9 seconds, it is 
too much. 

84. Tries an addition of 6*8 seconds, which 
win do. 

85. Therefore 27*1 + 6*8 = 83*9 seconds is 
the time for elevation 90°. 

86. Therefore 761 ft. per second is the initial 
velocity. 

87. Shows graduation of descent, for 0*9. 
1*9, 2*9, 3*9, &C., &c., to 33*9. 

88. Shows graduation of ascent, the inversion 
of the descent 

89. Describes Table A. 

40. Shows how to draw the trajectory. 

41. Shows the French Table of Banges for 
45° elevation with velocities. 

42. Selects one for comparison with our 
theory, 10,699 ft. 

43. Deduces the time of flight, and shows 
the oblique ascent. 

44. Shows that 85*82 seconds is the time for 
elevation 90°. 

45. Shows that 777 ft a second is the velo- 
city, compared with 784 ft. a second. 

46. Shows that Table B gives ranges at 45° 
with velocities. 

47. Shows the application of the instrument 
Fig. 8345. 

48. Supposes an example. Elevation 5° 
range 1000 yds. 

49. Works it out by the instrument, velocity 
777 ft. a second. 

50. Describes the method of working it out. 

51. Shows the limits beyond which our data 
will not carry us. 

52. Quotes a range from a Text-Book, a 
French range. 

53. Puts it into English feet 

54. Shows the vertical descent and oblique 
ascent and time. 

55. Finds the mean velocity. 

56. Befers to Table C. 

57. Finds the time for the mean velocity. 

58. Deduces the final velocity and initial 
velocity. 

determining the trajectory of any projectile, if 
the laws of their own sdenoe, gunnery, from the 
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reoozded results of their own practice, instead of intrusting this, tneir first, and most important of 
all duties, to the professors of mathematics. 

2. These men, however able and eminent, do not know what it is that the artillery require ; they 
teach us how to calculate the trajectory for given elevation with given initial velocity ; what we 
want to know is, how to determine the initial velocity from given range and elevation. 

3. And this we could easily do if we had the data ; but no book, either in the French or English 
language, affords reliable record of range for elevation with time of flight exceeding 34 seconds ; 
we cannot therefore determine the trajectory for any initial velocity exceeding 800 ft per second ; 
but within that limit we can do it without any difficulty. 

4. We shall offer one example, fully worked out, in the hope that the official advisers of govern- 
ments may yet • be induced to recommend the few, and comparatively cheap, additions ta our 
practice tables, which are required to complete our professional knowledge ; the results of private 
practice, under any ciroumstances, fail to carry with them the weight of authority requisite to 
establish the laws of science; were it otherwise, the experiments required should have oeen fur- 
nished long ago. 

5. In working out the example selected, we shall show what would be the trajectory of a pro- 
jectile, if not resisted by the atmosphere, and then we shall compare that calculation with tiie 
recorded results of actual practice with the same elevation, in the same time of flight. 

6. To flnd the trajectory of a projectile in a vacuum, Ck>lonel Boxer, in his treatise on Artillery, 
teUs us, on p. 87, that we have only to ** compound the motion produced by gravity, which, by the 
second law of motion, is the same as it would produce upon a body at rest, with the uniform motion 
in the line" of direction, ''in order to obtain the actual motion of the shot upon the hypothesis 
assumed," that hypothesis being the leaving out of consideration for the present the resistance of 
the atmoephero. 

7. Colonel Boxer proceeds to prove, algebraically, that the curve resulting is a true parabola. 
We accept his demonstration, but for our present purpose it is necessary to show, by the use of 
numerals, the application of this theory to some specifled elevation and time of flight, to enable ua 
to draw a comparison between the curve of calculation and the recorded results of actual practice. 

8. For this purpose let us suppose a ball fired at 45° elevation, seen to strike the plane at the 
expiration of 27* 1 seconds of time of flight : putting out of consideration for the present the resist- 
ance of the atmosphere, we aro to draw the trajectory of this ball; we know that it is a parabola, 
but we require to show its measurements. 

9. The time of flight being 27 * 1 seconds, the fall by gravity, unopposed 3343. 
by the atmosphere, will be equal to 27*1' x 16X = 11811*76 ft., and as 
the elevation is 45*^, the horizontal range will be equal to the vertical 
descent, which is the fall by gravity, therefore the norizontal range is 
also 11811*76 ft., and the oblique ascent is the square root of the sum of 
the squares of these two, it is 16704*35 ft. ^ 

10. Let A B G, Fig. 3343, be a right-angled triangle, in which the 
sides are respectively 11811*76 ft., 11811 -76 ft., and 16704*35 ft.; within 
these three lines we are to inscribe the trajectory of a ball fired from A, 
towards B, seen to strike G at the expiration of 27 * 1 seconds of time ; leav- 
ing out of consideration for the present, the rosistance of the atmosphere. 

11. We divide the length of A B by the time of flight, the quotient -^'^7^^ = 616*396775 ft. 

JStt * 1 

a second, is the uniform velocity of the oblique ascent ; we therefore lay off upon A B, in succession 
from A, 27 equal spaces, each 616*396775 ft., to show the uniform motion in the line of direction, 
with which, as Colonel Boxer tells us, we are to compound the motion produced by gravity. 

12. From each of the points so marked, in succession, we let fall a peipendicular, denoting by 
its length the fall by gravity, f^ x 16^ ft., in the number of seconds of time, iy elapsed since the 
ball left A on its passage towards B ; a line joining the lower ends of all these perpendiculars is 
the trajectory required, the parabola. 

13. We are now to compare this with recorded fact. 

14. The 13-in. sea-service iron mortar, at elevation 45% with a charge which gave 27*1 seconds 
time of flight, had a range of only 3327 yds., or 9981 ft. ; if we apply this to Fig. 3343, we have 
A G = 9981 ft., BG = 9981 ft., and AB = 14115*26 ft. 

15. Each side has been reduced by the resistanco of the atmosphere in the proportion of 
11811*76 to 9981 ft. in 271 seconds. 

16. Such a reduction in the magnitude of B G, the fall by gravity in the time of flight, affords 
us a readv measure of the effect of the resistance of the atmosphere. 

17. Tne fall by gravity in 27*1 seconds of time would be, in a vacuum, equal to 27*1' x 
16083333 s 11811*76083333, and in the atmosphere it is 27*1> x 13*590501 = 9980*99983941; 
this last we shall call 27']' x 13*59. 

18. It is some years since General Anstruther offered to the service Table D, showing the fall 
by gravity as modified by the resistance of the atmosphere, in which the varying value of the 
multiple of the square of the time was deduced from the measure of the fall in 27*1 seconds as 
follows, namely ; — 

For 3 seconds of time the fall is 3' 
13 
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19. Table D shows the fall by gravity, together with the Telocity which a ball would acquire 
by the fall, for the tenth parts of seconds of tiiue from one-tenth of one second to fifty seconds. 

20. We shall now suppose the true graduation of B G, the vertical descent in Fig. 33^3, to be 
known to us ; we shall deduce from it the graduation of the oblique ascent A B, the firbi step of 
which, when found, is the measure of the initial velocity of the ball. 

21. To deduce the graduation of the oblique ascent from that of the vertical descent, we again 
draw the triangle A B G exactly the same in all respects as that in Fig. 3343 ; but we now add a 
line A Y, parallel to and equal to B G, and we join B Y, so that A G B Y 

in Fig. 3344 is a parallelogram, of which A B is the diagonal, and in which ^^^' 

we know the magnitude of every line. 

22. The Hue A Y now added represents the vertical ascent of the ball 
during the time of flight ; this line and the line B G are added for the pur- 
pose of bringing the question within the scope of the law of the composi- 
tion and resolution of forces. 

23. That law teaches us that the force which produces the motion re- 
presented by the diagonal A B, is the resultant or equivalent of two forces 
producing motions represented both in magnitude and direction by the two 
sides A Y, A G, of the parallelogram, of which A B is the diagonaL 

24. If therefore we could determine the graduation for time of the line A Y, we could at once 
find that of A B ; and we could then, to use Colonel Boxer^s words once more, '* compound the 
motion produced by gravity with the motion in the line '' of direction, ** in order to obtain the actual 
motion of the shot*' 

25. We desire to determine the graduation of A Y, and we know that it is equal in magnitude 
to B G ; it is 9981 ft. ; the duration of the motion which it represents is the same as in B G, 27 '1 
seconds of time, and still it is quite certain that the graduation of A Y cannot be that of B G read 
in inverse order of succession. 

26. The graduation of B G is the same for any one number of seconds of time of flighty whatever be 
the elevation, as it is the fall by gravity in the time of flight t ; the graduation of this hue is always 
an increasing series or progression, it must always commence in the same manner; if the time of 
flight is four seconds, the graduation of the descent will always be 1, 3, 5, 7, total 16 spaces of } g^ 
whether the elevation be 5P or 85^ 

27. But the graduation of A Y varies with everv change of elevation ; the motion represented 
by this line is necessarily exactly equal in magnitude and m duration to the motion represented by 
the parallel B G, but it will always be differently graduated ; in four seconds* time of flight the 
ascent will always be 16 spaces, but they will be divided into 7, 5, 3, 1, total 16, for elevation 
89° 59' 58" ; and into 4, 4, 4, 4, total 16, for elevation 0° 00' 02". 

28. At elevation 90° the oblique ascent and the vertical ascent become merged in one, and, as 
we have just seen, the graduation is the inverted reading of the descent ; we are therefore enabled 
to determine its graduation by referring to the Table dftcribed incur paragraph 19, which we shall 
suppose to be in the hands of our raider. 

29. We now return to our selected example, the range 9981 ft. at elevation 45° ; we showed in 
paragraph 14 that the oblinue asceut was 14115*26 ft., the simultaneous vertical descent 9981 ft. 

80. If we now change the elevation from 45° to 90°, the ascent in 27*1 seconds wUl again be 
e|iual to 14,115 ft., the descent again 9981 ft., therefore at the expiration of 27*1 seconds of 
time the ball will be at a height of 4134*26 ft vertically over the point A from which it was 
projected. 

« 31. To enable this ball to reach the ground, addition must be made to the time, and as the 
ascent and descent are simultaneous motions, additions to the time of either bring equal addition 
to the time of the other. 

32. But equal addition to the time by no means brings equal addition to the magnitude: the 
addition of one second will bring au increase of 16 ft. to the ascent and of 671 ft. to the descent ; 
a very few such additions will bring the two to equality of magnitude, and we proceed to try how 
many will do it. 

33. We try an addition of 6*9 seconds, making the time of flight 27*1 4- 6*9 = 84 seconds, 
then we find in our Table that 34* x 12*9 = 14912*4 

We also find that 6 • 9' x 15 • 61 = 743 * 1921 

wliich we add to the ascent, 14 1 1 5 * 26 

making the ascent 14858*4521 = 14858*4521 



so that the descent now exceeds the ascent by 53*9479 ft., and we must try a 

less addition. 

34. We try an addition of 6*8 seconds, making the time of flight 27*1 + 6*8 = 83*9 seconds, 
and we flnd in our Table that 33*9' x 12*91 = 14836*3011 

Wo also flnd that 6*8^ X 15*62 = 722*2688 

which we add to the ascent 14115*26 



making the whole ascent 14837*5288 = 14837*5288 



the ascent now exceeds the descent by 1 * 2277 ft., but we are satisfied. 

35. The fall in 34 seconds we have seen to be 14912*4 
and ,,33*9 „ „ 14836*3011 

the differences 0*1 second of time and 76*0989 ft. indicate a velocity of 760*989, 

say 761 ft. a second. 
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86. Therefore the initial Telocity of the ball, which at 45° elevation ranged 3327 yds., was 761 ft. 

a second. 

37. We can now give the graduation of the ascent from onr Table ; we read in it that the 

fall in 

29*9 seconds is 29'9* x 13-31 = 11899*2731 difference 7137G7 

30*9 „ 30*9« X 13-21 = 12613-0401 „ 727-827 

81-9 „ 31-9* X 13-11 = 13340-8671 „ 741-287 

32-9 „ 82-9« X 13-01 = 14082 1541 „ 754 147 

33-9 „' 33-9« X 12-91 = 148363011 

88. The inverted reading of this Table is the graduation of the ascent ; it commences thus, in 

Qunalative. GndntL 

1 second 754*147 754*147 

2 seconds 1495 * 434 741 * 287 Ist difference 12 * 86 

3 „ 2223*261 727*827 „ 13*46 2nd difference 0*6 

4 „ 2937028 713*767 „ 1406 „ 0*6 3id difference 0*0 

5 „ 8636*135 699*107 „ 14*66 „ 06 „ 00 

. 89. We give. Table A, the graduation of the ascent for even seconds of time, for initial velocity 
761 ft. a second, and the simultaneous desceut ; we also give thirty-three different ranges, together 
with the angles of elevation, by the use of which these ranges would be obtained. 

40. In any right-angled triangle whatever, if the reader will mark off upon the hypothenuse 
the distances given as ascents, and let fall perpendiculars to denote the fall by gravity, then a 
line joining the lower extremities of aU these perpendiculars is the trajectory, which we said in 
paragraph 3 we could draw without any difficulty. 

41. In the Aide M^moire a Tusage des Offlciers d'Artillerie, p. 431, we find a Table containing 
thirty different ranges for elevation 45°, with the initial velocity for each, but not the time of flight. 

42. The second of these ranges ia 3261 metres, its initial velocity 239 metres ; reducing these 
to English measures, we have 10,699 ft. of range, with 784*136 ft. velocity. 

43. Here the oblique ascent is 10699 V 2 = 15130*7, and the vertical descent, or fall by gravity, 
is 10.699 ft., which indicates a time of flight of 28 * 17 seconds for 28 - 17* x 13 * 483 = 10699 * 4198187. 

44. An ascent of 15130-7 ft. in 28-17 seconds is what we have to graduate; we flnd that a 
descent of 35*32 seconds will be as follows, namely ; — 

35*32* X 12*768 = 15928*1106432 ft., the time being 28*17, 
subtract and add 28*17 2*817 



the differences 7*15* x 15*585 = 796*7430625 



show a fall in 28 * 17 seconds of 15131 * 8675807 ft., 

which is only 8 in. in excess of the ascent. 

45. The velocity acquired by a fall of this duration is thus found ; — 

&om 35*32* x 12*768 = 15928*1106432 

deduct 35*31* x 12*769 =r 15920*3394009 



the difllBrences being - 0*01, 0*001, and 7*7712423, 
indicate a velocity of 777*124 ft. a second, to compare with 784*136 ft. a second, as given in the 
Aide M^moire. 

46. As no book in the English language gives us any .record of initial velocity for range and* 
elevation, we give, in Table B, thirty ranges for 45° elevation, with the time of flight calculated, 
and the initiid velocity deduced ; and in the same page, for convenience of comparison, we give 
Table C, named in paragraph 41. 

47. We give, FiK. 3345, a drawing of a very simple instrument, by which, when made to a 
larger scale, any rifleman mav at once draw the trajectoxy of his bullet, and read off its initial 
velocity, and the angle of its descent. 

48. For instance, suppose a ball flred at elevation 5^, its range measured is 1000 yds. exactly. 
Then the range being 3000 ft., the oblique ascent is 8011*4 ft., the vertical descent or fall by 
gravity is 262*466 ft, therefore the time of flight is 4*06 seconds, very nearly. 

3011*4 

49. Dividing the oblique ascent by the time of flight, we have ' =741*7 ft. a second, 

the mean velocity of the ascent. The Table described in our paragranh 19, of which the instru- 
ment described in paragraph 47 and i^own in Fig. 3345 is a portaole epitome, shows that a 
vekMsity of 741 * 7 ft. is the result of a fall of 32 * 85 seconds ; 
to this we add half the time of flight 2 * 5 seconds, 

and the sum of the two, 35*35 seconds, is the time of flight for this velocity at 

90^ elevation ; the Table shows us that the velocity would be 777 ft. a second, roughly. 

50. For all elevations usually employed with rifles or fleld artillery, the instrument shown in 
Fig. 8345 would enable the student to draw the trajectory at once; supposing his instrumtnt to 
be made on a sufficiently large scale, he lays the mean velocity of the ascent, as found by dividing 
its magnitude by the time of flight, exactly against the oentre of the hypothenuse of the triangle, 
calculated in paragraph 48, and marks off all the flfty spaces, twenty-flve on each side, which will 
form the gpraouation of the hypothenuse, lets fall forty-nine perpendiculars to denote the fall by 
gravitv, and joins the fifty points by a curve line, which is the true tnjeoto^ to the tenths ot 
fleoon<u of time. 
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51. But the instrument will not serve for nny velocities beyond 800 ft. a second, because, as 
said in paragraph 4, we have not the data, and private experiments are not authoritative. 

52. The want of such an instrument is 
very strikingly shown by an error contained 
in the clever little Text-Book for officers, 
sent to the Schools of Musketry, published 
by authority. 

53. We read, in p. 8, that it was found 
in France that the ran^e of the common 
percussion musket, with the regulation 
charge, at an angle of from iP to 5^, was 
640 yds., or 1920 ft., and that the usual 
velocity was ** some 500 yds. per second," 
or, in our usual mode of expressing it, 
1500 ft. per second. 

54. We shall show how far from correct 
this is. Taking the elevation as 4% then 
we multiply the range by the tangent of 
tiie elevation, 1920 x tan. 4'' = 134*26 fi, 
for the fall by gravity in the time of £ight, 
which is therefore 2*9 seconds (2*896* x 
16 0104 = 134*276) as the time of flight, 
and we find the oblique ascent, 1920 x 
Becunt4°= 1924*7 ft. 

55. Dividing the oblique ascent by the 
time of flight, we have 663*7 ft. a second 
as the mean velocity of the ascent. 

56. Our instrument is only graduated 
for seconds, as shown in Fig. 8345, but the 
Table quoted in paragraphs 18 and 19 
shows how it would be read if graduated 
to the tenth parts of seconds, which we 
shall suppose to bo done. 

57. We find that a fall of 27 * 15 seconds 

would give a velocity of 063*9 ft. a second, 

then if we add half the time of flight, 

2*9 

-5- = 1 '45, to the time for the mean velo- 

city, 27*15 seconds, we have 28*6 seconds 
as the time for the initial velocity, and 
the difference between the same two is the 
time for the flnal velocity, 25*7 seconds. 

58. Our Table D shows us that the 

velocity for 28*6 seconds is 687 ft., that 

for 25*7 seconds is 639*67 ft. a second; 

these contrast strongly with the 1500 ft. , *. «.-.* a «.-«•* * *i- j ^ At ^ *^~I "^ 

velocity quoted by the Text-Book from the In»*rum€nt to fedlitata the drawing of the trajectory of sny 

French, 




ball at any elevation wiUi any velocity. 



Table A. — ^Ascent, Descent, Ranges, and Elevations fob Initial Velooitt, 761 feet 

A 6ECX)ND. 







Ascent 










SeooDd^ 








DeflcenL 


Range. 


devfttlon. 


of Time. 


Camulattve. 


. GraduaL 


Dlfferenoea. 








feet 


feet 


feet 


feet 


feet 


t tr 


1 


754*147 


754*147 


..\ 


16*2 


754*0 


1 13 51 


2 


1495*434 


741*287 


12*86 




64-4 


1494*0 


2 28 5 


3 


2223*261 


727*827 


13*46 




144-0 


2218*6 


8 42 47 


4 


2937*028 


713*767 


14*06 




254*4 


2926*0 


4 58 9 


5 


3636*135 


699*107 


14*66 




895-0 


3614*6 


6 14 11 


6 


4319*982 


683*847 


15*26 




565'2 


4282*8 


7 31 4 


7 


4987*969 


667*987 


15*86 




764*4 


4929*0 


8 48 55 


8 


6639*496 


651*527 


16*46 


|0*6 


992*0 


5551*5 


10 7 52 


9 


6273-963 


634*467 


17*06 


1247-4 


6229*5 


11 28 4 


10 


6890*77 


616*807 


17*66 




1530*0 


6718*7 


12 49 43 


11 


7489*317 


598*547 


18*26 




1839*2 


7260*0 


14 12 55 


12 


8069*004 


679*687 


18*86 




2174*4 


7770-5 


15 37 59 


13 


8629*231 


660*227 


19*46 




2535*0 


8248*5 


17 5 1 


14 


9169*398 


540*167 


20*06 




2920-4 


8692*0 


18 34 19 


15 


9688*905 


519*507 


20*66 




8330*0 


9098*6 


20 6 7 


16 


10187*152 


498 '247 


2126J 




3763*2 


9466*6 


21 40 44 
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AbowI 










SeooodB 








Desocnt 


BaoffBb 




ofTime. 










CumnUttve. 


Gndnal. 


Differoicefl. 










fipet. 


feet 


feet 


feet. 


feet. 


o n 


17 


10663*539 


476-387 


21 -86^ 




4219-4 


9793-3 


23 18 31 


18 


11117-466 


458-927 


22-46 




4698-0 


10076-0 


24 59 50 


19 


11548-333 


430-867 


23-06 




6198-4 


10312-2 


26 44 46 


20 


11955-54 


407-207 


23-66 




5720-0 


10498-4 


28 35 


21 


12338-487 


382-947 


24-26 




6262-2 


10631-2 


SO 29 


22 


12696-574 


358-087 


24-86 




6824-4 


10706-5 


32 30 49 


23 


13029-201 


832-627 


25-46 




7406 


10719-7 


34 38 23 


24 


13335-768 


306-567 


26-06 




8006-4 


10664-9 


36 53 47 


25 


13615-675 


279-907 


26-66 


^0-6 


8625-0 


10535-4 


39 18 21 


26 


13868-322 


252-647 


27-26 


9261-2 


10322-8 


41 53 50 


27 


14093-109 


224-787 


27-86 




9914-4 


10016-0 


44 42 28 


28 


14289-436 


196-327 


28-46 




10584-0 


9600- 


47 47 24 


29 


14456-703 


167-267 


29-06 




11269-4 


9055-0 


51 13 2 


80 


14594-31 


137-607 


29-66 




11970-0 


8349-4 


55 6 11 


81 


14701-657 


107-347 


30-26 




12685-2 


7431-3 


59 38 14 


32 


14778 144 


76-487 


30-86 




13414-4 


6200 


65 11 31 


83 


14823 171 


45-027 


31-46 




14157-0 


4393-8 


72 45 27 


33-9 


14836-3011 


12-967 


32 -OQ/ 


14836-3 


00 


90 



Table B. — Rakobs at 45^ Elevation, with the Times of Flight deduced, and the Initial 

Velocity dbtebmined. 



Range and FalL 


Time of 
FUgfat 


ObUqne Aaoent 


TTnexpired 
Time of 
AjEoent 


Time of 

Flight at 

EtevatloD 9(lP. 


Vertical Ascent 


loltlal 
Velocity 


Tarda. 


Zvc«» 














100 


800 


4 


3485 


424- 


26 


0' 


903 


5-253 


435-29 


162 


-87 


200 


600 


6 


2 


848- 


53 


1 


31 


7-51 


876-96 


228 





300 


900 


7- 


61 


1272 


79 


1 


64 


9-25 


1316-52 


275- 


8 


400 


1200 


8' 


82 


1697- 


06 


1 


93 


10-75 


1759-54 


815 


-2 


500 


1500 


9 


9 


2121- 


32 


2 


16 


1206 


2195-33 


350 





600 


1800 


lo- 


-88 


2545 


58 


2 


39 


13-27 


2636-64 


879 





700 


2100 


ll- 


785 


2969- 


84 


2 


615 


14-4 


3081-37 


407 





800 


2400 


12 


635 


8394- 


11 


2 


815 


15-45 


3522-05 


432 





900 


2700 


13- 


436 


. 3818 


87 


3 


004 


16-44 


3961 • 13 


454 


•8 


1000 


8000 


14 


21 


5242 


63 


3 


19 


17-4 


4408-19 


476' 


4 


1100 


8300 


14 


93 


4666 


89 


3 


37 


18-3 


4845-86 


496 





1200 


3600 


15 


63 


5091 


-16 


3 


53 


19-16 


5280-45 


514 


3 


13i)0 


3900 


16 


305 


5515 


-42 


3 


■725 


20-03 


57360 


532 


•7 


1400 


4200 


16 


•96 


5939 


•68 


3 


■9 


20-86 


6185-0 


550 





15C0 


4500 


17 


59 


6363 


96 




06 


21-65 


6625-39 


565 


■0 


1600 


4800 


18 


207 


6788 


22 




-22 


22-427 


7070-4 


580 


■0 


1700 


5100 


18 


81 


7212 


-48 




-38 


23-19 


7518-65 


595 


■0 


1800 


5400 


19 


39 


7636 


75 




53 


23-92 


7957-79 


608 


■0 


1900 


5700 


19 


964 


8061 


-01 




•7 


24-664 


8412-6 


621 


-0 


2000 


6000 


20 


521 


8485 


28 




■88 


25-41 


8883 


634 


■0 


2100 


6300 


21 


-0695 


8909 


55 


5 


•0 


26-0095 


9209-32 


646 


-0 


2200 


6600 


21 


-605 


9333 


-81 


5 


■15 


26-75 


9749-54 


657 


■3 


2300 


6900 


22 


13 


9758 


07 


5 


3 


27-43 


10200-35 


668 


•5 


2400 


7200 


22 


65 


10182 


33 


5 


45 


28-1 


10651-84 


679 


■0 


2500 


7500 


28 


16 


10606 


6 


5 


■6 


28-76 


11103-48 


689 


•6 


2600 


7800 


23 


66 


11030 


-86 


5 


■74 


29-4 


11547-85 


700 


■0 


2700 


8100 


24 


15 


11455 


13 


5 


■9 


30-05 


12005-42 


708 


■7 


2800 


8400 


24 


•64 


11879 


-39 


6 


■04 


30-68 


12454-79 


717 


■6 


2900 


8700 


25 


12 


12303 


-66 


6 


•18 


81-3 


12902-52 


72G 


■4 


8000 


9000 


25 


593 


12727 


92 


3 


dSl 


31*93 


13362-91 


735 


■0 


8100 


9300 


26 


■06 


13152 


•18 


6 


■48 


82-54 


13813-77 


743 


■0 


8200 


9600 


26 


-521 


13576 


44 


6 


■619 


83-14 


14262 


751 


■0 


8300 


9900 


26 


•979 


14000 


•71 


6 


■761 


83-74 


14714-8 


758 


2 


8327 


9981 


271 


14115-76 


6-8 


33-9 


14836-3 


761-0 
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Table C— Rangba at 45'' Elevatiow, with the Times of FunnT deduced, with the Initial 

Velocities determined bt M. Lomhard. 

From the Aide Memoire a Tusage des Officiers d'Artillerie, p. 431. 

Reduced to English Measiires. 



Velodiy. 


BaDge. 


1 

Tima ' 


Velioltjr. 




Time. 


Velocity. 


Range. 


Time. 


892-4 


12431-34 


30-65 


679 15 


8787-26 


25-26 


439-64 


4252-05 


17-06 


784 14 


10G99 


28-16 


60G-97 


7565-76 


23*26 


364-18 


3625-4 


15-69 


695-55 


9225-9 


25-95 


544-63 


6483-07 


21-4 


35i-34 


3064-36- 


14-35 


623-37 


7949-6 


23-9 


488-85 


5538-17 


19-65 


318-25 


2552-54 


13-05 


557-75 


6807-9 


21-96 


439-64 


4675-29 


17-95 


282-16 


2103-06 


11-8 


601-98 


5813-76 


20-175 


393-71 


3891-15 


16-28 


249-35 


1692-95 


10-54 


449-48 


4911-5 


18-43 


347-78 


3202-16 


14-7 


216-54 


1328-77 


9-3 


400-27 


4084-7 


16-7 


308-41 


3238-25 


14-78 


285-44 


1010-52 


8-03 


357-62 


3369-5 


15-1 


269-03 


2027-6 


11-58 


• « 


• • 


• • 


314-97 


2710 


13-46 


229-66 


1542*02 


10 04 


a a 


• ■ 


a • 


275-6 


2129-3 


11-86 


• • 


• • 


• 9 


a • 


• • 


• • 


226-26 


1617-5 


10-3 


■ • 


• • 


• • 


a a 


• • 


• • 



Tai 


ILB Da— 


The Fall bt Grayity as modified bt the Resistance of 


THE AtM( 


36PH£BEa 






The sqaare of the 

time of falling X 

by the substltuie 

for 16^ 


Fall by gravity 

in the whole 

time. 


Fall in each 

tenth of a 

second. 


Velocity 
acqaired. 


! 

The aqoare of the 

thne of falling X 

by the sabstitute 

forlt^ 


Fall by gravity Fall in each 
in the whole tenth of a 
time. second. 


Velocity 
acquired. 


0-l«X 16-29 


0-1629 


0-4883 


3-756 


4-6»x 15-84 


335-1744 


14-5103 


143-611 


2 


8 





6512 




8131 


7 


007 


7 3 


49 


•6847 




•8081 


6 


-592 


3 


7 


1 


4643 


1 


•1373 


10 


-252 


8 2 


64 


•4928 


15 


•1053 


9 


-467 


4 


6 


2 


-6016 




-4609 


13 


491 


9 1 


79 


•5981 




•4019 


152 


536 


5 


5 


4 


0625 




-7839 


16 


724 


5-0 -80 


95 






•6979 


5 


5 


6 


4 


6 


-8464 


2 


-1063 


19 


951 j 


1 -79 


410 


6979 




-9933 


8 


456 


7 


8 


7' 


9527 




-4281 


22 


172 1 


2 8 


26 


'6912 


16 


-2881 


161 


407 


8 


2 


10 


-3808 




7493 


25 


'387 


3 7 


42 


•9793 




•5823 


4 


352 


9 


1 


13' 


1301 


3 


0699 


28' 


596 


4 6 


59 


-5616 




•8759 


7- 


291 


1-0 


-20 


16 


2 




3899 


31' 


8 


5 5 


76" 


'4375 


17 


•1689 


170 


224 


1 


•19 


19- 


5899 


, 


-7093 


34' 


996 


6 4 


93 


-6064 




•4613 


3 


151 


2 


8 


23 


2992 


4 


0281 


38 


187 ; 


7 3 


511 


0677 


1 


•7531 


6 


-072 


8 


7 


27 


3273 




3463 


41' 


372 


8 2 


28' 


'8208 


18 


•0443 


8' 


•987 


4 


6 


31 


6736 




6G39 


44' 


551 , 


9 1 


46 


8651 


, 


•3349 


181' 


896 


5 


5 


36 


3375 




9809 


47- 


724 1 


6-0 -70 


65' 


2 




-6219 


4 


8 


6 


4 


41 


3184 


6 


2973 


50' 


-892 ' 


1 ^69 


83' 


8249 




-9143 


7' 


-696 


7 


3 


46' 


6157 




6131' 


54 


052 


2 8 


602' 


7392 


19 


-2031 


190 


587 


8 


2 


62' 


2288 




9283 


67 


-207 


3 7 


21' 


9423 




4913 


3' 


472 


v9 


1 


68' 


1571 


6- 


2429 


60 


956 


4 6 


41 


4336 




-7789 


6' 


351 


2-0 


•10 


64' 


4 




5569 


64 


•1 : 


5 5 


61' 


2125 


20 


0659 


9 


224 


1 


•09 


70- 


9569 




•8703 


67' 


236 


6 4 


81' 


2784 




3523 


202' 


091 


2 


•08 


77- 


8272 


7- 


1831 


70' 


367 


7 3 


701- 


6307 




6381 


4 


952 


8 


•07 


85- 


0103 




4953 


73' 


492 


8 2 


22 


2688 




9233 


7' 


807 


4 


•06 


92- 


5056 




8069 


76' 


611 


9 1 


43' 


1921 


21' 


2079 


210' 


656 


5 


•05 


100' 


3125 


8' 


1179 


79' 


724 


7-0 -60 


64' 


4 




-4919 


3 


5 


6 


•04 


108 


4304 




•4283 


82 


831 


1 -59 


85' 


8919 




7753 


6' 


336 


7 


•03 


116 


-8587 




7381 


85' 


932 


2 8 


807' 


6672 


22 


0581 


9 


•167 


8 


•02 


125 


5968 


9 


0473 


88' 


927 


3 7 


29 


7253 




3403 


221 


992 


9 


•01 


134 


-6441 




-3559 


92 


016 


4 6 


52 


-0656 




-6219 


4 


811 


3-0 


•00 


144 






'6639 


95 


1 


5 5 


74' 


•6875 




'9029 


7' 


624 


1«X 15-99 


153 


•6639 




•9713 


8 


176 


6 4 


97 


'5904 


23 


1833 


230' 


431 


2 


8 


163 


'6352 


10 


•2781 


101 


•247 


7 3 


920 


•7737 




'4631 


3 


232 


3 


7 


173 


•9133 




•5843 


4 


'312 


8 2 


44 


-2368 




•7423 


6 


027 


4 


6 


184 


■4976 




•8899 


7 


371 


9 1 


67 


-9791 


24 


•0209 


8' 


816 


6 


5 


195 


•3875 


11 


•1949 


110 


424 


8-0 -50 


92 






•2989 


241' 


6 


6 


4 


206 


•5824 




•4993 


3 


'471 


1 -49 


1016 


-2989 




•5763 


4 


376 


7 


8 


18 


0817 




•8031 


6 


'512 


2 8 


40 


'8752 




•8531 


7' 


147 


8 


2 


29 


•8848 


12 


•1063 


9 


547 


3 7 


65 


'7283 


25 


•1293 


9 


-912 


9 


1 


41 


•9911 




•4089 


122 


'576 


4 6 


90 


'8576 




•4049 


252 


671 


4-0 


•90 


54 


•4 




•7109 


5 


-6 


5 5 


1116 


-2625 




•6799 


5 


424 


1 


•89 


67 


•1109 


13 


•0123 


8 


'616 j 


6 4 


41 


'9424 




-9543 


8 


171 


2 


8 


80 


•1232 




•3131 


131 


'627 : 


7 3 


67 


'8967 


26 


•2281 


260 


912 


3 


7 


93 


4363 




•6133 


4 


'632 


8 2 


94 


1248 




•5013 


8 


647 


4 


6 


307 


•0496 




•9129 


7 


'631 


9 1 


1220' 


6261 




'7739 


6 


376 


6 


6 


20 


•9625 


14 


•2119 


140 


•624 


9-0 ^40 


47 


■4 


27' 


-0459 


9 


1 
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Table D — conHntied, 



T>XP». 


Fan In the 
whole time. 


Fall In each 

tenth of a 

aecond. 


Velocity 
acquired. 


91*x 


15-39 


1274-4459 


27-3178 


271 


•816 


2 


8 


1301 


-7632 




-5881 


4 


•527 


3 


7 


29 


•3513 




-8583 


7 


■232 


4 


6 


57 


•2096 


28 


•1279 


9 


•931 


5 


5 


85 


3375 




•3969 


282 


•624 


6 


4 


1413 


■7344 




■6653 


5 


•311 


7 


3 


42 


•3997 




•9331 


7 


■992 


8 


2 


71 


3328 


29 


•2003 


290 


•6G7 


9 


1 


1500 


5331 




•4669 


8 


•33G 


10-0 


•80 


30" 






•7329 


6 




1 


•29 


59- 


7329 




•9983 


8' 


656 


2 


8 


89' 


7312 


30 


•2G31 


301 


•307 


8 


7 


1G19- 


-9913 




■5273 


3 


•952 


4 


6 


50- 


5216 




•7907 


6 


•591 


5 


5 


81" 


•3125 


31 


•0539 


9 


■224 


6 


4 


1712 


3664 




■31G3 


311 


•851 


7 


3 


43 


6827 




•5781 


4 


472 


8 


2 


75 


2608 




•8393 


7 


•027 


9 


1 


1807" 


1001 


32 


•0999 


9 


696 


110 


•20 


39- 


2 




•3599 


322 


3 


1 


19 


71' 


5599 




•6193 


4' 


896 


2 


8 


1904" 


1792 




•8781 


7' 


487 


3 


7 


37' 


0573 


33 


1363 


330' 


072 


4 


G 


70- 


1936 




3939 


2' 


051 


5 


5 


2003- 


5875 




6509 


5' 


224 


G 


4 


37 


2384 




9073 


7' 


791 


7 


3 


71- 


1457 


34 


1631 


340' 


352 


8 


2 


2105- 


3088 




4183 


2' 


907 


9 


1 


39- 


7271 




6729 


5' 


456 


120 


•10 


74- 


4 




9269 


8' 




1 


•09 


2209- 


3269 


35' 


1803 


350' 


536 


2 


8 


44- 


5072 




4331 


3' 


067 


3 


7 


79- 


9403 




6853 


5- 


592 


4 


6 


2315- 


6256 




9369 


8' 


111 


5 


5 


51- 


5625 


36' 


1879 


360- 


624 


6 


4 


87- 


7504 




-4383 


3' 


131 


7 


3 


2424' 


1887 




•6881 


5 


632 


8 


2 


60- 


8768 




9373 


8' 


127 


9 


1 


97- 


8141 


37 


•1859 


370' 


616 


13-0 


•00 


2535- 






-4839 


3' 


1 


Vx 


14-99 


72" 


4339 




•6813 


5' 


576 


2 


8 


2610' 


1152 




•9281 


8' 


047 


3 


7 


48' 


0433 


88 


1743 


380' 


512 


4 


6 


86' 


2176 




-4199 


2' 


971 


6 


5 


2724- 


6375 




•6649 


6' 


424 


6 


4 


63' 


3024 




-9093 


7' 


•871 


7 


3 


2802' 


2177 


89 


•1531 


390 


312 


8 


2 


41 


3648 




•8963 


2' 


'747 


9 


1 


80' 


7611 




•6389 


6 


176 


14-0 


•90 


2920' 


4 




■8809 


7' 


6 


1 


•89 


60' 


2809 


40 


•1223 


400' 


016 


2 


8 


3000' 


4032 




•3631 


2 


427 


8 


7 


40' 


7663 




•6033 


4 


832 


4 


6 


81' 


3696 




•7429 


7' 


231 


5 


5 


3122 


2125 




•9819 


9 


624 


6 


4 


63' 


2944 


41 


-3203 


412 


Oil 


7 


3 


3204 


6147 




•5581 


4' 


392 


8 


2 


46- 


1728 




•7953 


6 


767 


9 


1 


87' 


9681 


42 


•0319 


9 


•136 


15-0 


•80 


3330' 






•2679 


421 


5 


1 


•79 


72 


2679 




•5008 


8 


856 


2 


8 


8414 


•7712 




•7381 


6 


•207 


3 


7 


57 


-5093 




■9728 


8" 


552 


4 


6 


8500 


4816 


48 


-2059 


430 


'891 


5 


5 


43 


6875 




■4889 


8 


-224 


6 


4 


87 


1264 




•6718 


5 


•551 


7 


8 


3680 


•7977 




■9031 


7 


■872 


8 


2 


74 


•7008 


44 


•1348 


440 


■187 


9 


1 


8718 


8351 




•8649 


2 


■496 


160 


•70 


63 


2 




•5949 


i 


•8 



T« 


x^'. 


Fall in the 
whole time. 


Fall in each 

tenth of a 

second. 


Velocity 
acquired. 


16-1- . 


X 14-69 


3807 • 7949 


44 8243 


447 •096 


2 


8 


52 


•6192 


45 


•0531 


9 


•387 


3 


7 


97 


•6723 




•2813 


451 


•672 


4 


6 


3942 


■9536 




•5089 


3 


■951 


5 


5 


88 


•4625 




•7359 


6 


■224 


6 


4 


4034 


•7984 




•9623 


8 


•491 


7 


8 


80 


•1607 


46 


■1881 


460 


'752 


8 


2 


4126 


•34K8 




•4133 


3 


007 


9 


1 


72 


•7621 




•6379 


5 


256 


17-0 


•60 


4219 


•4 




•8619 


7' 


5 


' 1 


•59 


66 


■2619 


47 


0853 


9 


736 


2 


8 


4313 


■3472 




•3081 


471 


'967 


3 


7 


60 


•6553 




•5303 


4 


192 


4 


G 


4408 


-1836 




•7519 


6' 


411 


5 


5 


55 


'9375 




•9729 


8' 


624 


6 


4 


4503 


■9104 


48 


•1933 


480' 


831 


7 


3 


52 


• 1037 




4131 


3 


032 


8 


2 


4600 


•5168 




•6323 


5' 


227 


9 


1 


49 


• 1491 




-8509 


7' 


416 


180 


•50 


98 




49 


0689 


9' 


6 


1 


•49 


4747 


0689 




-2863 


491' 


776 


2 


8 


96 


3552 




-5031 


8 


947 


3 


7 


4845 


'8583 




-7193 


6' 


112 


4 


6 


95 


'5776 




-9349 


8' 


271 


5 


5 


4945 


'5125 


50 


1499 


500' 


424 


6 


4 


95 


'6624 




-3643 


2' 


571 


7 


3 


5045 


0267 




-5781 


4 


712 


8 


2 


095 


'6018 




•7913 


6 


847 


9 


1 


146 


'3961 


51 


0039 


8 


'976 


19-0 


•40 


198 


4 




•2159 


511 


1 


1 


•39 


249 


6159 




■4273 


3 


•216 


2 


8 


301 


■0432 




■6381 


5 


•3-27 


3 


7 


352 


6813 




■8483 


7 


■432 


4 


6 


404" 


5296 


52 


■0579 


9 


■531 


5 


5 


456 


'5875 




■2669 


521 


•624 


6 


4 


508 


8544 




■4753 


3 


•711 


7 


8 


561' 


3297 




•G831 


5 


•792 


8 


2 


614 


0128 




•8903 


7 


•867 


9 


1 


666' 


9031 


53 


•09G9 


9 


•936 


20-0 


•30 


720' 






•3029 


532 




1 


•29 


773 


3029 




5083 


4 


•056 


2 


8 


826- 


8112 




•7131 


6 


■107 


8 


7 


880' 


5243 




9173 


8 


•152 


4 


6 


934 


4416 


54 


1209 


540 


■191 


5 


5 


988' 


5625 




8239 


2 


•224 


6 


4 


6042' 


8864 


1 


5263 


4 


•251 


7 


3 


097' 


4127 




-7281 


6 


•272 


8 


2 


162' 


1408 


4 


9298 


8 


•287 


, 9 


1 


207' 


0701 


55 


1299 


550 


•296 


210 


•20 


262' 


2 




3399 


2 


'8 


1 


•19 


317' 


5299 




-5293 


4 


-296 


2 


8 


373' 


0592 




-7281 


6 


287 


8 


7 


428' 


7873 




-9263 


8- 


-272 


4 


6 


484' 


7136 


56 


-1239 


560' 


251 


5 


5 


540 


8375 




-3209 


2 


224 


6 


4 


597 


1584 




5178 


4" 


•191 


7 


3 


658 


6757 




•7181 


6 


152 


8 


2 


710 


'3888 




•9083 


8" 


-107 


9 


1 


767 


•2971 


57 


•1029 


570 


056 


22-0 


•10 


824 


'4 




2969 


2' 




1 


•09 


881 


6969 




•4908 


8 


036 


2 


8 


939' 


•1872 




•6831 


5 


'867 


8 


7 


996 


•8703 




8753 


7' 


792 


4 


6 


7054' 


7456 


58' 


•0669 


9 


711 


5 


5 


112 


8125 




•2579 


581' 


624 


6 


4 


171 


•0704 




•4488 


8' 


531 


7 


3 


229 


•5187 




6881 


5' 


432 


8 


2 


288 


•1568 




8273 


7' 


327 


9 


1 


346 


•9841 


59 


0159 


9 


216 


23^0 

1 


•00 


406- 


i •2039 


591-1 


1 










5 


B 
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Tablb D — continued. 



T«xp». 



25 



26 



231*x 

2 

3 

4 

5 

6 

7 

8 

9 
240 

1 

2 

3 

4 

5 

6 

7 

8 

9 



1 

2 

8 

4 

5 

6 

7 

8 

9 



1 

2 

3 

4 

5 

6 

7 

8 

9 



1 

2 

3 

4 

5 

6 

7 

8 

9 



1 

2 

3 

4 

5 

6 

7 

8 

9 



1 

2 

3 

4 

5 

6 

7 

8 

9 
300 



27 



28 



29 



13-99 
8 
7 
6 
5 
4 
3 
2 
1 
•90 
•89 
8 
7 
6 
5 
4 
3 
2 
1 
*80 
•79 
8 
7 
6 
5 
4 
8 
2 
1 
•70 
•69 
8 
7 
6 
5 
4 
3 
2 
1 
•60 
•59 
8 
7 
6 
fi 
4 
3 
2 
1 
•60 
•49 
8 
7 
6 
5 
4 
3 
2 
1 
•40 
•39 
8 
7 
6 
5 
4 
3 
2 
1 
•SO 



FtUinthe 
whole time. 



FallinMch 

tenth of a 

second. 



Velocftj 
acqoired. 



7465 
524 
584 
643 
703 
764 
824 
884 
945 
8006' 
067 
128 
190 
251 
813 
375 
437 
499 
562 
625 
687 
750 
814 
877" 
940 
9004' 
068 
132 
196 
261 
325 
390 
455 
520 
585 
651 
716 
782 
848' 
914 
980 

10047' 
113 
180 
247 
314 
381 
448 
516 
584 
651 
719 
787' 
856 
924 
993 

11062 
131 
200 
269 
338 
408 
478' 
547 
617 
687' 
758 
828 
899' 
970 



•2039 59" 


3913 


692 • 


•5952 


5781 


4- 


•1733 


7643 


6- 


•9376 


9499 


8- 


•8875 60- 


1349 


600^ 


•0224 


3193 


2' 


•3417 


5031 


4^ 


•8448 


6863 


5- 


•5311 


'8689 


7' 


•4 61 


0509 


9- 


•4509 . 


2323 


611 • 


•6832 


4131 


3^ 


•0963 


5933 


5^ 


•6896 


7729 


6^ 


4625 


9519 


8- 


•414^ 62' 


1302 


620^ 


•5447 


3081 


2- 


•8528 


4853 


3- 


■3381 


6619 


5- 




8879 


7- 


•8379 63 


-0133 


9^ 


•8512 


1881 


631 • 


•0393 


'3623 


2- 


•4016 


-5859 


4- 


•9375 


7089 


6^ 


•6464 


8813 


1- 


•5277 64 


-0531 


9- 


•5808 


-2243 


641 • 


•8061 


-3949 


3- 


•2 


-5649 


4- 


•7649 


•7343 


6^ 


•4992 


■9031 


8^ 


•4023 65 


-0713 


9^ 


•4736 


•2389 


651 • 


•7125 


•4059 


3- 


•1184 


•5723 


4^ 


•6907 


•7381 


6^ 


•4288 


■9033 


8^ 


•3321 66 


•0679 


9- 


•4 


•2319 


661 • 


•6319 


•3953 


3^ 


•0272 


-5581 


4- 


•5853 


•7203 


6^ 


'3056 


-8819 


8^ 


•1875 67 


-0429 


9- 


•2304 


-2033 


671- 


•4337 


-3631 


2- 


•7968 


-5223 


4- 


3191 


-6809 


6^ 




-8389 


7' 


•8389 


-9963 


9- 


•8352 68 


-1531 


680 • 


•9883 


•8093 


2- 


•2976 


-4649 


3- 


•7625 


6199 


5' 


•3824 


7743 


6- 


•1567 


9281 


8^ 


•0848 69' 


0813 


690- 


•1661 


2339 


1^ 


•4 


3859 


s- 


•7859 


5373 


^' 


•3232 


6881 


6- 


•0113 


8383 


7' 


•8496 


9879 


9- 


•8375 70' 


1369 


700- 


•9744 


2853 


2- 


•2597 


4331 


s- 


•6928 


5803 


5' 


•2731 


7269 


6- 




8729 


8^ 



976 

847 

712 

571 

424 

271 

112 

947 

776 

6 

416 

227 

032 

831 

624 

411 

192 

967 

736 

5 

256 

007 

752 

491 

224 

951 

672 

387 

096 

8 

496 

187 

872 

551 

224 

891 

552 

207 

856 

5 

136 

767 

892 

Oil 

624 

231 

832 

427 

016 

6 

176 

747 

312 

871 

424 

971 

512 

047 

576 

1 

616 

127 

632 

131 

624 

111 

592 

067 

586 



't« 


x^». 


Fall {n the ^, 
whole time. ^ 


in each 

Lhofa 

sund. 


Yelod^ 
acqaired. 


301«X1329 


12040 8729 71' 


0183 


709-456 


2 


8 


111- 


8912 


1631 


710 907 


3 


7 


183 


0543 


3073 


2352 


4 


6 


254- 


3616 


4509 


3 791 


5 


5 


325' 


8125 


5939 


5 224 


6 


4 


397 


4064 


7363 


6-651 


7 


8 


469 


1427 


8781 


8 072 


8 


2 


541 


0208 72 


0193 


9-487 


9 


1 


613' 


0401 


1599 


720-896 


310 


•20 


685 


2 


2999 


23 


1 


•19 


757 


4999 


4393 


3696 


2 


8 


829 


9392 


-5781 


6087 


3 


7 


902' 


5173 


7163 


6-472 


4 


6 


975 


2336 


8539 


7-851 


5 


5 


13048 


0875 


•9909 


9-224 


6 


4 


121- 


0784 73' 


1273 


730-591 


7 


3 


194 


2057 


2631 


1952 


8 


2 


267' 


-4688 


3983 


3 307 


9 


1 


340 


8671 


•5329 


4-666 


32 


•10 


414 


•4 


6669 


6- 


1 


•09 


488 


0669 


8003 


7-33G 


2 


8 


561 


•8672 


9331 


8-667 


3 


7 


635 


-8003 74 


0653 


9992 


4 


6 


709 


-8656 


•1969 


741-311 


5 


6 


784 


•0625 


•3279 


2-624 


6 


4 


858 


-8904 


-4583 


3-931 


7 


3 


932 


■8487 


•5881 


5-232 


8 


2 


14007 


-4368 


■7173 


6-527 


9 


1 


082 


■ 1641 


•8459 


7-816 


330 


•00 


157 




•9739 


9-1 


V: 


K1299 


231 


■9739 75 


-1013 


750-376 


2 


8 


307 


•0752 


•2281 


1-647 


3 


7 


382 


•3033 


•3543 


2-912 


4 


6 


457 


•6576 


'4799 


4171 


5 


5 


533 


•1375 


•6049 


5-424 


6 


4 


608 


•7424 


•7293 


6-671 


7 


8 


684 


•4717 


•8581 


7-912 


8 


2 


760 


•3248 


•9763 


9-147 


9 


1 


836 


•8011 76 


■0989 


760-376 


34-0 


•90 


912 


•4 


■2209 


1-6 


1 


•89 


980 


■6209 


•8423 


2-816 


2 


8 


15064 


•9632 


•4631 


4-027 


3 


7 


141 


•4263 


•5833 


5-232 


4 


6 


218 


•0096 


-7029 


6 431 


5 


6 


294 


•7125 


-8219 


7^624 


6 


4 


871 


•5344 


•9403 


8-811 


7 


3 


448 


•4747 77 


•0581 


9-992 


8 


2 


525 


■5328 


1753 


771 - 167 


9 


1 


602 


■7081 


•2919 


2-836 


350 


•80 


680 




•4079 


35 


1 


•79 


757 


•4079 


•5233 


4 656 


2 


8 


834 


-9312 


•6381 


5 •807 


3 


7 


912 


-5693 


7523 


6-952 


4 


6 


990' 


•8216 


-8659 


8 •091 


5 


5 


16068' 


1875 


9789 


9 224 


1 6 


4 


146 


•1664 78' 


0913 


780-351 


' 7 


3 


224 


2577 


2031 


1-472 


8 


2 


802 


-4608 


3143 


2-587 


9 


1 


880' 


7751 


4249 


3^96 


360 


•70 


459- 


2 


T)349 


4-8 


1 


•69 


537 


7349 


6443 


6-896 


2 


8 


616' 


879^ 


7531 


6 987 


3 


7 


695- 


1323 


8613 


8 •072 


4 


6 


773- 


9936 


9689 


9 151 


5 


5 


852- 


9625 79' 


0759 


790-224 


6 


4 


932' 


0384 


1823 


1-291 


7 


3 


17011' 


2207 


2881 


2-352 


8 


2 


090- 


5088 


3933 


3-407 


9 


1 


169' 


9021 


4979 


4-456 


370 


•60 


249- 


4 


6019 


5-5 
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Tablb D — continued. 








T» 


X9\ 


FaU In the 
whole time. 


FaU Id etch 

tenth of a 

aeoond. 


Yelodty 
acquired. 


T« X y». 


Fall In the 
whole time. 


Fail In each 

tenth of a 

second. 


Velocity 
aoqaired. 


871»X 12-59 


17329 0019 


79-7053 


796-536 


44-l»x 


11-89 


23123-7909 


85-4523 


854-216 


2 


8 


408-7072 


-8081 


7-567 


2 


8 


209-2482 


•5131 


4-827 


3 


7 


488-5153 


-9103 


8-592 


3 


7 


294-7568 


•5738 


6-482 


4 


6 


568-4256 


800119 


9-611 


4 


6 


380-3296 


-6329 


6-031 


fi 


5 


648-4735 


-1129 


800-624 


5 


6 


465-9625 


•6919 


6 624 


6 


4 


728-5504 


-2133 


1-631 


6 


4 


551-6544 


-7.503 


7-211 


7 


3 


808-7637 


•3131 


2-682 


7 


3 


637-4047 


-8081 


7*792 


8 


2 


889-0768 


•4123 


8-626 


8 


2 


723-2128 


-8653 


8-367 


9 


1 


969-4891 


-5109 


4-616 


9 


1 


809-0781 


-9219 


8-936 


880 


•50 


18050- 


-6089 


5-6 


450 


•80 


895- 


-9779 


9-5 


1 


•49 


130-6089 


•7063 


6-576 


1 


-79 


980-9779 


860333 


860-056 


2 


8 


211-3152 


•8031 


7-547 


2 


8 


24067 01 12 


0881 


0-607 


3 


7 


292 1183 


•8993 


8-512 


3 


7 


153 0993 


1423 


1-152 


4 


6 


373 0176 


•9949 


9-471 


4 


6 


239-2416 


-1959 


1-691 


5 


5 


454^0125 


81-0899 


810 424 


6 


6 


325-4375 


-2489 


2-224 


6 


4 


525-1024 


•1843 


1-871 


6 


4 


411-6864 


-3013 


2-751 


7 


3 


616-2867 


•2781 


2-312 


7 


8 


497-9877 


-3531 


3-272 


8 


2 


697-5648 


-3713 


3-247 


8 


2 


584-8408 


-4043 


3-787 


9 


1 


778-9361 


•4639 


4-176 


9 


1 


670-7451 


-4549 


4-296 


890 


•40 


860-4 


-5559 


6-1 


46-0 


-70 


757-2 


-5049 


4-8 


1 


•39 


941-9559 


•6473 


6-016 


1 


-69 


848-7049 


-5543 


5-296 


2 


8 


19023-6032 


-7381 


6-927 


2 


8 


930-2592 


-6031 


5-787 


S 


7 


105-8413 


-8283 


7-832 


3 


7 


25016-8628 


-6513 


6-272 


4 


6 


187 1696 


•9179 


8-781 


4 


6 


103-5136 


-6989 


6-751 


6 


5 


269-0875 


82-0069 


9-624 


6 


5 


190-2125 


-7459 


7-224 


6 


4 


351 0944 


-0953 


820-511 


6 


4 


276-9584 


-7928 


7*691 


7 


3 


433-1897 


•1831 


1-392 


7 


3 


363-7507 


-8881 


8*152 


8 


2 


515-3728 


•2703 


2-267 


8 


2 


450-5888 


-8833 


8*607 


9 


1 


697-6431 


-3569 


3186 


9 


1 


537-4721 


-9279 


9 056 


40*0 


•SO 


680- 


-4429 


4- 


47-0 


-60 


624-4 


-9719 


9-5 


1 


-29 


762-4429 


-5283 


4-856 


1 


•59 


711-8719 


87-0153 


9*936 


2 


8 


844-9712 


•6181 


5-707 


2 


8 


798-8872 


-0581 


870*367 


3 


7 


927-5843 


-6973 


6-552 


3 


7 


885-4458 


-1003 


0*792 


4 


6 


20010-2816 


•7809 


7-391 


4 


6 


972-5456 


•1419 


1*211 


5 


5 


093*0625 


-8639 


8-224 


5 


6 


26059-6875 


-1829 


1*624 


6 


4 


175-9264 


-9463 


9-051 


6 


4 


146-8704 


-2233 


2*081 


7 


3 


258-8727 


88 0281 


9-872 


7 


3 


234-0937 


•2631 


2*432 


8 


2 


341-9008 


•1098 


830-687 


8 


2 


321-8568 


-8028 


2*827 


9 


1 


425-8101 


-1899 


1-496 


9 


1 


408*6591 


-3409 


3*216 


41*0 


-20 


508-2 


•2699 


2-3 


480 


•50 


496- 


-3789 


8-6 


1 


•19 


591-4699 


-3498 


3-096 


1 


-49 


588 8789 


-4163 


3 -976 


2 


8 


674-8192 


-4281 


3-887 


2 


8 


670-7952 


-4531 


4*347 


3 


7 


758-2473 


•5063 


4-672 


3 


7 


758-2483 


-4893 


4*712 


4 


6 


841-7536 


-5839 


6-451 


4 


6 


845 7876 


-5249 


5*011 


5 


5 


925-3375 


-6609 


6-224 


5 


5 


983-2625 


-5599 


5*424 


6 


4 


21008-9984 


-7378 


6-991 


6 


4 


27020^8224 


•5943 


5*771 


7 


3 


092-7357 


•8131 


7-752 


7 


3 


108^4167 


-6281 


6*112 


8 


2 


176-5488 


-8883 


8-507 


8 


2 


196 0448 


-6613 


6*447 


9 


1 


260-4371 


•9629 


9-256 


9 


1 


283-7061 


-6939 


6-776 


42-0 


-10 


344-4 


84 • 0369 


840- 


490 


-40 


371-4 


-7259 


7-1 


1 


•09 


428-4369 


•1103 


0-736 


1 


-39 


459-1259 


-7573 


7-416 


2 


8 


512-5472 


-1831 


1-467 


2 


8 


546-8832 


•7881 


7-727 


3 


7 


596-7303 


•2553 


2-192 


3 


7 


634-6713 


-8183 


8 032 


4 


6 


680-9856 


-3629 


2-911 


4 


6 


722-4896 


•8479 


83S1 


5 


6 


765-8125 


•3979 


3-624 


6 


6 


810 •8375 


•8769 


8 624 


6 


4 


849-7104 


•4683 


4-881 


6 


4 


898-2144 


•9053 


8-911 


7 


3 


934-1789 


-5381 


5-082 


7 


3 


986-1197 


-9831 


9-192 


8 


2 


22018-7168 


-6073 


5-727 


8 


2 


28074-0528 


•9603 


9-467 


9 


1 


103-3241 


-6759 


6-416 


9 


1 


162-0131 


•9869 


9-786 


43-0 


•00 


188- 




71 


50-0 • 


-30 


250- 


88 0129 


880- 


•l«X 11-99 


272-7489 


-8113 


7-776 


1 


•29 


388-0129 


•0383 


0-256 


2 


8 


857-5552 


-8781 


8-447 


2 


8 


426 0512 


-0631 


0-507 


3 


7 


442-4333 


-9443 


9-112 


3 


7 


514 1143 


-0873 


0-752 


4 


6 


527-8776 


850099 


9-771 


4 


6 


602^2016 


•1109 


0-991 


5 


6 


612-3875 


•0749 


850-424 


6 


6 


690 8125 


-1839 


1-224 


6 


4 


697-4624 


•1393 


1-011 


6 


4 


778^4464 


-1563 


1-451 


7 


3 


782-6017 


•2031 


1-712 


7 


3 


866-6027 


-1781 


1*672 


8 


2 


867-8048 


•2663 


2-347 


8 


2 


954-7808 


•1993 


1*887 


9 


1 


953-0711 


•3289 


2-976 


9 


1 


29042-9801 


-2199 


2*096 


440 


•90 


23038-4 


•3909 


3-6 


51-0 


•20 


131-2 


-2399 


2*3 



5 s 2 



1782 




- 






GUNNEBY. 


















Table D- 

Velocity 
acquired. 


—continued. 




■ 




T«XP», 


1 


Fall in the 
whole tbae. 


FaUinetkch 

tenth of A 

aeoond. 


1 

t 


Fan In the 
whole ttane. 


FiOl in each 

imthof a 

aeoond. 


Velocity 
acquired. 


511«XU 


•19 


29219-4399 


88-2593 


882-496 


52 -8* X 


11-02 


30721 • 9968 


88-4973 


884^927 


2 


8 


307 


-6992 


•2781 


2-687 


> 9 


1 


810-4941 


•5059 


5-016 


3 


7 


395 


■9773 


•2963 


2-872 


53-0 


•00 


899- 


•5139 


5-1 


4 


6 


484 


2736 


-3139 


3-051 


1 Vx 


10-99 


987^5139 


•5213 


5-176 


5 


5 


572' 


'5875 


•3309 


3-224 


2 


8 


31076-0352 


•5281 


5-247 


6 


4 


660 


9184 


-3473 


3-391 


i 3 


7 


164-5633 


•5343 


5-312 


7 


3 


749 


2657 


-3631 


3-552 


4 


6 


253-0976 


•5399 


5-371 


8 


2 


837 


6288 


•3783 


3-707 


5 


5 


341-6375 


•5449 


5-424 


9 


1 


926 


0071 


•2929 


3-856 


6 


4 


430-1824 


•5493 


5-471 


520 


•10 


30014" 


"4 


•4069 


4- 


7 


8 


518-7317 


•5531 


5-512 


1 


•09 


102 


-8069 


•4203 


4136 


8 


2 


607-2848 


•5563 


5-547 


2 


8 


191 


2272 


•4331 


4-267 


' 9 


1 


695-8411 


•5589 


5-576 


3 


7 


279 


-6603 


•4453 


4-392 


54-0 


•90 


784-4 


•5609 


5-6 


4 


6 


368 


1056 


•4569 


4-511 1 


1 


•89 


872-9609 


•5623 


5-616 


5 


5 


456 


5025 


•4679 


4-624 


2 


8 


961-5232 


•5631 


6-627 


6 


4 


515 


0304 


•4783 


4-731 


8 


7 


32050-0863 


•5633 


5-632 


7 


8 


633-5087 


•4881 


4-832 













Gunnery is the science which enables ns to detennine the path of a shot through the air ; it is 
the application of the laws of motion to the flight of military projectiles of every description ; but 
at present Gen. Anstruther confines his attention to the flight of spherical bodies projected from 
smooth-bored cylinders ; when this is well understood, it will bo time enough to inquire what would 
result from using elongated shot or rifled barrels. 

** If a body bo projected (vertically) upwards, with the velocity it acquired in any time by 
descending freely, it will lose all its (upward) velocity in an equal time, and will (if not acted upon 
by gravity) ascend just to the same height from whence it fell, and will describe equal spaces in 
equal times, both in rising and falling, but in an inverseorder; and it will have equal velocities 
at any one and the same point of the line described, both in ascending and descending." — Ruther- 
ford's Mathematics, 1841, p. 842. 

These words, excepting those in parentheses, are Hutton*s ; those in parentheses are absolutely 
required to make the passage truth. For we know, from the second law of motion, that the force 
of gravity, acting upon this body projected vertically upwards, produces the exact same vertical 
descent, in each and every second of the entire time of flight, as it had produced in equal time when 
the same body was suflered to fall freely from a state of rest. 

Therefore, in the fall by gravity, as modified by the resistance of the atmosphere, wo have at 
once the inverted reading of the ascent of any ball fired vertically upwards, and we must com- 
pound the two simultaneous motions, the ascent and the descent, to ootain the actual motion of 
the shot. 

Most unfortunately, observes Anstruther, we possess no reliable record of a time of flight ex- 
ceeding 30 seconds ; this may justify our inferring the fall in 40 seconds, but no more. The fall in 
40 seconds is (40* x 12-3 =) 19,680 ft., the velocity acquired by such fall is 824 ft. a second; we 
are to determine the path of a ball fired vertically upwards with initial velocity 824 ft. a second, 
which we show in the following tabulated form ; — 









Slmnltaaoona 


• 


Seoondaof 




Actoal Height 
A-D. 






Seoondaof 


Tlnie. 


Aaoent A. 


DeacentD. 


Descent D. 




Time. 


20 


13960 


5720 


8240 


5720 


13960 


20 


19 


13417-8 


5198 • 4 


8219-4 


6262-2 


14481-6 


21 


18 


12855-6 


4698 


8157-6 


6824-4 


14982 


22 


17 


12274 


4219-4 


8054-6 


7406 


15460-6 


23 


16 


11673-6 


8763-2 


7910-4 


8006-4 


15916-8 


24 


15 


11055 


3330 


7725 


8625 


16350 


25 


14 


10418-8 


2920-4 


7498-4 


9261-2 


16759-6 


26 


13 


9765-6 


2535 


7230-6 


9914*4 


17145 


27 


12 


9096 


2174-4 


6922-6 


10584 


17505-6 


28 


11 


8410-6 


1839-2 


6571-4 


11269-4 


17840-8 


29 


10 


7710 


1530 


6180 


11970 


18150 


80 


9 


6994-8 


1247-4 


5747-4 


12685-2 


18432-6 


31 


8 


6263-6 


992 


5273-6 


13414-4 


18688-1 


82 


7 


5523 


764^4 


4758-6 


14157 


18915-6 


88 


6 


4767-6 


5652 


4202-4 


14912-4 


19114-8 


34 


5 


4000 


895 


8605 


15680 


19285 


85 


4 


S220*8 


2544 


2966-4 


16459-2 


19425-6 


86 


8 


2430-6 


144 


2286-6 


17249-4 


19536 


87 


2 


1630 


644 


1565-6 


18050 


19615^6 


88 


1 


819-6 


162 


803-4 


18860-4 


19663-8 


89 














19680 


19680 
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If no force 'were acting npon the 'projectile, it wonld, by the first law of motion, move on for 
eyer, in a straight line, with the uniform velooity 824 ft. a second, so that if fired vertically 
upwards, it would, in 40 seconds, ascend to a height of (824 x 40 =) 32,0G0 ft. This motion is, how- 
ever, in fact, modified by the action of two forces — the resistance of the atmosphere and gravity : 
the former of these reduces the magnitude of the ascent from 32,960 ft. to 19,G80 ft. in 40 seoondi^ 
time ; while the other force, gravity, in the same 40 seconds of time, is counteracting this reduced 
ascent, so that it brings the ball back to the spot from whence it rose, aftor an actual ascent of 
8240 ft., which is equal to the initial velocity multiplied by oue-fourth of the time of flight. Fired 
vertically upwards, the ball will return to the spot from whence it rose, having no range at all ; 
but at any elevation less than 90° there will be a range which is very easily found, tlie ascent and 
the descent being both known, the difference between their squares is the square of the range. 

We give Anstruther's Table, E, showing forty ranges at varying elevations for the velocity 
824 ft. a second ; this will enable us at once to draw the trajectory for any angle of elevation what- 
ever. In any right-angled triangle, lay off upon the hypothenuse as many of the forty-one ascents 
g^iven in our Table as the case may reauire, and let fall nerpendiculars to show by their length the 
simultaneous descent — a line joining the lower ends of ail tnese is the trajectory. 





Table E.— Initial Vklocitx 


= 824 FEET 


A SEOOIO). 








Time. 


Ascent 


Descent 


RADge. 


Yank. 


Log. Sin. 




EIcratioD. 


1 


819-6 


16-2 


819-44 


273 15 


8*2959131 


o 

1 


f 
08 


57 


2 


1630 


64-4 


1628- 


72 


542-91 


8-5966982 


2 


16 




3 


2430-6 


144 


2426 


33 


808-77 


8-7726489 


3 


23 


49 


4 


3220-8 


254-4 


3210- 


74 


1070 25 


8-8975533 


4 


31 


49-2 


5 


4000 


395 


3980' 


9 


1327 


8-9945371 


5 


40 




6 


4767-6 


565-2 


4733- 


98 


1570 


9-0739024 


6 


48 




7 


5523 


764-4 


5469' 


84 


1823-28 


9 141 1557 


7 


57 




8 


6265-6 


992 


6186- 


15 


2062 05 


9 1995490 


9 


06 


34-8 


9 


6994-8 


1247-4 


6882- 


67 


2294-22 


9 '2512304 


10 


16 




10 


7710 


1530 


7556' 


67 


2518-56 


9-2976371 


11 


26 


45 


11 


8410-6 


1839-2 


8206- 


64 


2735-66 


9-3398020 


12 


37 


52-6 


12 


9096 


2174-4 


8832' 


28 


2944 09 


9-3784889 


13 


49 


49-7 


13 


9765-6 


2535 


9430 


8 


3143-61 


9-4142791 


15 


2 


43-5 


14 


10418-8 


2920-4 


10001 ' 


13 


8333-71 


9 4476246 


16 


16 


41-4 


15 


11055 • 


3330 


10541' 


54 


3512-85 


9-4788855 


17 


31 


51 


16 


11673-6 


3763-2 


11050 


4 


3686-8 


9-5083525 


18 


48 


22-4 


17 


12274 


4219-4 


11525 


95 


. 3841 95 


9-6363675 


20 


06 


41-5 


18 


12855-6 


4698 


11966 


42 


3988-81 


9-5628206 


21 


26 


05-6 


19 


13417-8 


5198-4 


12369 


-88 


4123 29 


9-5881916 


22 


47 


40-5 


20 


13960 


5720 


12734 


33 


4244-78 


9 6125106 


24 


11 


19 


21 


14481 '6 


6262-2 


13057 


36 


4352-45 


9-6359104 


25 


37 


17-5 


22 


14982 


6824-4 


13337 


•46 


4445-82 


9-6584947 


27 


05 


511 


23 


15460-6 


7406 


13570 


•98 


4523-66 


9-6803573 


28 


37 


18 


24 


15916-8 


8006-4 


13756 


•52 


4585-51 


9-7015844 


30 


12 




25 


16350 • 


8625 


13890 




4630 


9-7222413 


31 


50 


17-6 


26 


16759-6 


9261-2 


13968 


33 


4666-11 


9-7424166 


33 


32 


45-8 


27 


17145 


9914-4 


13987 


■7 


4662-59 


9-7621289 


35 


19 


44-9 


28 


17505-6 


10584 


13943 


•63 


4644-54 


9-7814728 


37 


12 


02 


29 . 


17840-8 


11269-4 


13830 


•93 


4610-31 


9-8004865 


89 


10 


23 


80 


18150 


11970 


13643 


■37 


4547 79 


9-8192176 


41 


15 


43 


31 


18432-6 


12085-2 


13373 


•35 


4457-78 


9-8377107 


43 


29 


14-3 


31-57 


18599-23 


13150-21 


13150 


•21 


4383 4 


9-8494377 


44 


59 


37-55 


32 


18688 


13414-4 


13011 


•34 


4337-11 


9-8560087 


45 


52 




33 


18915-6 


14157 


12545 


•09 


4181-7 


9-8741511 


48 


27 


16-4 


34 


19114-8 


14912-4 


11958 


-09 


3986-03 


9-8918864 


51 


13 


84-9 


35 


19285 


15680 


11227 


■15 


3742-72 


9-9101265 


54 


23 


48-2 


36 


19425-6 


16459-2 


10317 


■39 


3439-13 


9-9280243 


57 


55 


06-9 


37 


19536 


17249-4 


9171 


•33 


3057- 11* 


9-9459384 


62 




03-1 


38 


19615-6 


18050 


7679 


■15 


2559-72 


9-9638778 


G6 


67 


14-3 


39 


19663-8 


18860-4 


5562 


■51 


1887-5 


9-9818834 


73 


33 


55-3 


40 


19680 


19680 


0-0 


00 


10-0000000 


90 







The following example illustrates the nature and use of Table D;— Suppose that at elevation 
4° 31' 49-2" (log. sin. 8-89755a3) we find that the range was 3210-74 ft., then the vertical descent 
must be 254 -4 ft.,' which indicates a time of flight of 4 seconds exactly. The oblique ascent of this 
ball we flnd to be^ 3220*8 ft., this we divide by the time, 4 seconds, the quotient, 805*2 ft. a 
second, is the mean velocity of the ascent. A reference to our Table shows that a velocity of 
805-6 ft. is generated by gravity in 88 seconds of time; this we accept as sufflcientlv near. Evi- 
dently, the mean velocity of the oblique ascent will be almost the exact measure of the velocity 
with which the ball will be moving at the expiration of half the time of flight, that is to say, two 
seconds of time after quitting the muszle^ therefore (38 + 2 =) 40 seconds is the time in which 
gravity would generate the velocity which at elevation 4° 31' 49*2" ranged 3210*74 ft. 

Our Table gives the g^uation of this oblique ascent in the forty lines preceding 4 seconds, 
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but this minnteneaB is not required ; the following Table fibowi the trajectory for 4 eeoondB, caloii- 
lated to half seconds of time—Telocity 824 ft. a second. 



Ascent. 



Time. 



Oblique. 



Vertical 



Uoriiontol 
(Abadsaes). 



0-5 


410-9125 


82-456576 


409-62868 


1 


819-6 


64-737407 


817-03931 


1-5 


1225-7875 


96-836569 


1222 16713 


2 


1G30 


128-748148 


1624-90737 


2-5 


2081-5625 


160-466210 


2025-21526 


3 


2430-6 


191-984831 


2423-00604 


8-6 


2827-0375 


223-298087 


2818-20494 


4 


3220-8 


254-4 


3210-7372 



Vertleal Dwoent 



4-0625 

16-2 

86-3375 

64-4 
100-3125 
144 

195-3875 
254-4 



OrdlnateB. 



28-894076 
48-637407 
60-499069 
64-846148 
60-153710 
47-984831 
27-910587 
00 



Table E shows that at elevation 16°, the range for initial velocity, 824 ft. a second, is 
8143-6 yds., which is not very far short of the ranges obtained by the 32-ponnder guns at the well- 
known practice at Deal in 1839. We deduce the following, among other, conclusions from our 
Table ; — First, the angle of ascent and the angle of descent are almost exactly the same when a 
spherical ball is fired with the usual initial velocity at service elevation. Beoondlv, the height 
to which any ball, fired vertically upwards with velocity Y, would ascend in any time T, is equal to 
^ T X y exactly. Third, the course of every round projectile is nearly level from the end of the 
first quarter of the time of flight to the end of the third quarter of it ; and, lastly, that we can in 
all cases of real practice determine every point of any real importance from the facts patent to all. 

To show this by an example, we must employ a French record of experiments ; all English 
records give us the angle of inclination, to use Lefroy's phrase ; what we want is the an^e of 
departure, and the French give it. At Gavre, in 1830, some verv carefully-conducted experiments 
were recoided; we take the largest gun, the ** canon de 30 long"; the following are the results, in 
feet, with our own calculation of the time and the velocity; the charge is 4^-9 or 0-824 of the 
weight of the shot. 



Gen. Anstruther gives a Table, Table F, showing the fall by navity in five seconds of time, 
calculated to the hundredth parts of seconds of time ; this will enable us to find the time of flight 
for all ordinary musketry or fleld artillery. The range multiplied by the tangent of the elevanon 
is the vertical ascent and descent; its length indicates the time. 

Table F. 



Time. 


FolL 


Time. 


Fall 


Time. 


Fall 1 


Time. 


FalL 


Time. 


Foa 


0-01 


0016 


0-09 


1320 


0-17 


0-4706 


025 


1-0172 


0-33 


1-7716 


2 


•0065 


01 


•1629 


8 


-5275 


6 


•1001, 


4 
5 


*-8803 


3 


•0147 


1 


•1971 


9 


-5877 


7 


•1863 1 


•9925 


4 


-0261 


2 


•2345 


0-2 


-6512 


8 


•2757 


6 


2^1078 


6 


•0107 


3 


•2753 


1 


•7179 


9 


*8684 


7 


•2264 


6 


-0587 


4 


•3192 


2 


•7879 


0-3 


•4643 


8 


:3482 


7 


•0798 1 


5 


•3664 


3 


•8619 


1 


•6635' 


9 


•4783 


8 


-1042 ; 

' 1 


6 

1 


-4169 1 


1 4 


•9375 


2 


•6658 


0-4 


•6016 



• Beal Elevation. 


FeetBange. 


Oblique 
Aacent. 


Vertical 
Aaoent 


Dip of the 
Ground. 


FoUl^ 
Gravity. 


Time of 
Flight 


Mean 
Velocity. 


Or tt 

11 13 

1 33 22 
5 4 28 

10 27 87 


1322-02 
2792-05 
6626-75 
8517-23 


1322-3 
2793-1 
6648-8 
8661-2 


4-314 

75-849 

499-644 

1572-467 


13-1029 
17-8 
19-886 
11-1077 


17-417 
93-15 
619-63 
1586-576 


* 

1-037 
2-4084 
5-75 
10-18 


1276 
1159-7 
980-66 

850-8 

1 
1 


. The French artillerists, reasoning on Hutton's principles, flnd that the initial velocity was 
425 metres, or 1394-38 ft. a second. Obviously it cannot be more than 1280 or 1290, the mean 
velocity in a time of only 1-037 second being 1275 ft. a second. The oblique ascent is as 
follows ; — 




Oblique Ahoent 


Time. 


Cmrent Velocity. 


1 




1322-3 
1470-8 
2855-7 
3012-4 


1-037 
1-3714 
3-3416 
4-43 


1275 

1072-6 
854-6 
850-8 






8661-2 


10 18 

1 
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Tabu V—etntinntd. 



Tbne. 


Fall. 


Time. 


FalL 


Time. 


Fall. 


Time. 


lUL 


TimA. 


FalL 


0*41 


2-7331 


Ill 


19-9465 


1-81 


52-8075 


2-51 


101- 


1103 


3-21 


164- 


6492 


2 




8679 


2 


20- 


3062 


2 


53' 


3893 


2 


1' 


9112 


2 


5- 


6663 


8 


3- 


0059 


3 




6692 


8 




9742 


8 


2' 


7152 


8 


6- 


6864 


4 




1472 


4 


21- 


0353 


4 


54- 


5623 


4 


8 


5224 


4 


7' 


7097 


5 




2916 


5 




4047 


5 


55- 


1536 


5 


4 


■3326 


5 


8' 


7359 


6 




4398 


6 




7772 


6 




7480 


6 


5 


-1460 


6 


9 


7653 


7 




5903 


7 


22- 


1529 


7 


56- 


3455 


7 


5 


-9624 


7 


170 


■7977 


8 




7445 


8 




5318 


8 




9463 


8 


6 


■7820 1 


8 


1 


-8332 


9 




9019 


9 




9139 


9 


57' 


5501 


9 


7 


•6046 ; 


9 


2 


■8717 


0-5 


4- 


0625 


1-2 


23- 


2992 


1-9 


58- 


1671 


2-6 


8 


•4304 1 


3-3 


3 


■9133 


1 




2264 


1 




6877 


1 




7672 


1 


9 


•2593 


1 


4 


•9580 


2 




3935 


2 


24 


0793 


2 


59 


3^05 


2 


110 


•0912 


2 


6 


■0057 


8 




5638 


8 




4742 


8 




•9970 


8 





•9263 


8 


7 


-0565 


4 




7373 


4 




8722 


4 


60 


-6165 


4 


1 


•7645 


4 


8 


-1103 


5 




9141 


5 


25 


2734 


5 


61 


■2393 


5 


2 


•6058 


5 


9 


■1672 


6 


5 


0941 


6 




-6778 


6 




•8651 


6 


8 


•4502 


6 


180 


-2272 


7 




'2774 


7 


26 


0854 


7 


62 


■4941 


7 


4 


■2977 


7 


1 


-2902 


8 




■4638 


8 




-4962 


8 


63 


1263 


8 


5 


■1482 


8 


2 


8563 


9 




'6535 


9 




-9101 


9 




■7616 


9 


6 


-0019 1 


9 


8 


4254 


0-6 




'8464 


1*8 


27 


-3273 


2- 


64 


•4 


2-7 


6 


•8587 ; 


8-4 


4 


-4976 


1 


6 


0125 


1 




'7476 


1 


65 


-0416 


1 


7 


■7186 


1 


5 


5728 


2 




'2419 


2 


28 


1711 


2 




■6863 


2 


8 


-5816 


2 


6 


6512 


a 




'4445 


8 




'5978 


3 


66 


3341 


8 


9 


-4476 


3 


7- 


7825 


4 




•6503 


4 


29 


0277 


4 




■9851 


4 


120 


-3168 


4 


8' 


-8169 


fi 




•8593 


5 




•4607 


5 


67 


■6892 


5 


1 


•1891 


5 


9 


9044 


6 


7 


•0715 


6 




•8969 


6 


68 


•2965 


6 


2 


-0644 


. 6 


190 


9949 


7 




•2870 


7 


30 


■3363 


7 




•9569 


7 


2 


-9429 


7 


2 


0885 


8 




•5057 


8 




•7789 


8 


69 


•6204 


8 


3 


-8244 


8 


8 


1851 


9 




•7276 


9 


81 


•2247 


9 


70 


•2871 


9 


4 


-7091 


9 


4' 


2848 


0-7 




•9527 


1-4 




•6736 


2-1 




•9669 


2-8 


5 


-5968 


3-5 


5 


3875 


1 


8 


•1810 


1 


82 


•1257 


1 


71 


■6298 


1 


6 


-4876 


1 


6 


4933 


2 




•4126 


2 




■5810 


2 


72 


■3059 


2 


7 


-3815 


2 


7' 


6021 


8 




•6474 


8 


83 


-0394 


8 




•9851 


8 


8 


■2786 


3 


8' 


7140 


4 




•8854 


4 




•5011 


4 


73 


•6674 


4 


9 


■1786 


4 


9' 


8289 


5 


9 


'1866 


5 




•9659 


5 


74 


•2529 


5 


ISO 


■0818 


5 


200' 


9469 


6 




•3710 


6 


34 


•4339 


6 


75 


•0415 


6 





■9881 


6 


2 


0679 


7 




-6186 


7 




'9050 


7 




•7332 


7 


1 


■8975 


7 


8 


1919 


• 8 




-8695 


8 


85 


•3793 


8 


76 


•4281 


8 


2 


-8099 


8 


4' 


3190 


9 


10 


1235 


9 




•8568 


9 


77 


•1261 


9 


3 


•7251 


9 


5 


4492 


0-8 




'3808 


1-5 


86 


•3375 


2-2 




•8272 


2-9 


4 


■6441 


8-6 


6' 


5824 


1 




'6413 


1 




•8213 


1 


78 


•5314 


1 


5 


-5658 


1 


7' 


7186 


2 




'9050 


2 


37 


'8083 


2 


79 


•2388 


2 


6 


•4906 


2 


8- 


8579 


8 


11 


1719 


8 




•7985 


3 




•9493 


8 


7 


-4185 


8 


210' 


0003 


4 




'4420 


4 


88 


•2919 


4 


80 


•6629 


4 


8 


-8495 


4 


1' 


1456 


5 




-7163 


5 




•7884 


5 


81 


•3797 


5 


9 


-2825 


5 


2 


2940 


6 




'9919 


6 


89 


•2880 


6 


82 


•0996 


6 


140 


-2206 


6 


8- 


4455 


7 


12 


'2716 


7 




•7909 


7 




-8226 


7 


1 


■1609 


7 


4 


6000 


8 




-5546 


8 


40 


-2969 


8 


83 


•5487 


8 


2 


-1042 


8 


5 


7575 


9 




•8407 


9 




•8061 


9 


84 


•2779 


9 


8 


■0505 


9 


6 


9181 


0*9 


13 


•1301 


1-6 


41 


•3184 


2-8 


85 


•0103 


3- 


4 




3-7 


8' 


0817 


1 




•4227 


1 




•8339 I 


1 




•7458 


1 


4 


■9525 


1 


9 


2488 


2 




'7185 


2 


42 


■3526 


2 


86 


■4844 


2 


5 


-9082 


2 


220 


4180 


8 


14 


0174 


8 




•8744 


3 


87 


■2261 


8 


6 


•8669 


3 


1 


5908 


4 




8196 


4 


48 


•3994 , 


4 




■9710 


4 


7 


-8286 


4 


2 


7665 


6 




•6250 


5 




•9275 ! 


5 


88 


■7190 


5 


8 


•7935 


5 


8 


9453 


6 




'9:^6 


6 


44 


■4588 


6 


89 


■4701 


6 


9 


•7614 


6 


5 


1271 


7 


15 


'2454 


• 7 




-9933 , 


7 


90 


■2243 


7 


150 


-7234 


7 


6 


3120 


8 




'5604 


8 


45 


-5310 ' 


8 


- 


-9816 


8 


1 


■7065 


8 


7' 


4999 


9 




'8786 


9 


46 


■0717 


9 


91 


•7420 


9 


2 


■6837 


9 


8' 


6908 


1- 


16 


'2 


1-7 




-6157 , 


2-4 


92 


-5056 


31 


8 


•6639 


8-8 


9 


8848 


1 




-5246 


1 


47 


-1628 


1 


93 


2723 


1 


4 


6472 


1 


231 


0818 


2 




8524 


2 




•7131 


2 


94 


0421 


2 


5 


-6336 


2 


2' 


2K18 


8 


17 


1834 


; 8 


48- 


2665 


8 




-8150 


8 


6 


6230 


8 


8 


4849 


4 




5176 


4 




8231 


4 


95 


5910 


4 


7- 


6156 


4 


4 


6910 


5 




8550 


5 


49- 


-3828 


5 


96- 


3701 


5 


8- 


6112 


5 


6 


9001 


6 


18* 


1956 


6 




9457 


6 


97 


1524 


6 


9' 


6098 


6 


7 


1122 


7 




-5394 


7 


50' 


5117 


7 




9377 


7 


160 


6116 


7 


8 


8274 


8 




8863 


8 


51- 


0809 


8 


98' 


7262 


8 


1- 


6161 


8 


9 


5456 


9 


19' 


2365 


9 




6533 


9 


99' 


5178 


9 


2 


6243 


9 


240' 


7668 


11 




5899 


1-8 


52 


2288 


2-5 


100' 


8125 


8*2 


8' 


6352 


8-9 


1 


9911 



1736 
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Table F — continued 


1 








Time. 


Fall 


Time. 


Yah. 


Time. 


FalL 


1 

Time. 


FalL 


1 
Time. 


FUL 


S'91 


243-2184 


i 4-13 


270-9830 


4-35 


300*2055 


4-57 


830-8795 


4-79 


862-9986 


2 


4-4487 


4 


2-2797 


6 


1-5683 


8 


2 


8081 


4-8 


4-4928 


8 


5-6820 


5 


3-5794 


7 


2-9341 


9 


3 


7898 


1 


5-9900 


4 


6-9184 


6 


4-8822 


8 


4-3080 


4-6 


5 


1744 


2 


7-4901 


5 


8-1578 


7 


6-1879 


9 


5-6748 


1 


6 


6120 


8 


8-9982 


6 


9-4002 


8 


7-4967 


4-4 


7-0496 


2 


8 


0526 


4 


870-4993 


7 


250-6456 


9 


8-8084 


1 


8-4274 


8 


9 


-4962 


5 


20083 


8 


1-8910 


4-2 


280-1232 


2 


9-8082 1 


4 


840 


'9427 


6 


8-5204 


9 


3 1455 


1 


1-4410 


3 


811-1920 


5 


2 


8928 


• 7 


5-0858 


4- 


4-4 


2 


2-7618 


4 


2-5788 


6 


8 


-8448 


8 


6*5533 


1 


5-6575 


3 


4-0856 


5 


8-9686 


7 


5 


-8003 


9 


8-0742 


2 


6-9180 


4 


5-4124 


» 6 


5-3614 1 


8 


6 


•7588 


4-9 


9-5981 


8 


8-1816 


5 


6-7422 


7 


6-7572 ' 


9 


8 


2203 


1 


881 - 1250 


4 


9-4482 


6 


8-0750 


8 


8-1560 


4-7 


9 


-6847 


2 


2-6548 


5 


260-7177 : 


7 


9-4108 


9 


9-5577 


1 


351 


1521 


8 


4-1876 


6 


1-9903 1 


i S 


290-7496 


4 6 i 320-9625 , 


2 


2 


6225 


4 


5-7283 


7 


3-2660 


! 9 


2-0915 


1 


2-8702 


8' 


4 


-0959 


5 


7*2620 


8 


4-5446 


4-3 


3-4363 1 


2 


8-7810 


4 


5 


5722 


6 


8*8037 


9 


5-8262 


1 


4-7841 


3 


5-1947 


5 


7 


-0516 


7 


890-3488 


41 


7-1109 


2 


6-1350 


4 


6-6114 


6 


8 


5339 


8 


1-8959 


1 


8-3986 ; 


3 


7-4888 


5 


80311 


7 


860 


0191 


9 


8-4465 


2 


9-6893 


4 

1 


8-8456 

1 


6 


9-4538 


8 


1-5074 


5- 


5- 



Tho quotation, p. 1732, showed one theory of Hutton's, which, with slight additions, is true; 
we shall now show anotlier, which is totally wrong in every possible way. 

Extract from Straith's Afemoir of Artillery^ pp. 81, 82. — " Dr. Gregory, in his lectures upon gun- 
nery, observes on the difference between the times employed by a bell in ascending and desoenaing 
vertically through the same space. 

" If a 24-lb. iron ball were projected vertically upwards, with a velocity of 2000 It. a second, 
it would nsccnd to the height of 6424 ft. before its upward motion was extinguished, and it would 
pass over that space in less than 9| seconds. (This is computed in Mutton's Mathematics, 
vol. iii.) 

** It might, on a cursory view of the subject, be supposed that the circumstances of the descent 
would be analogous to those of the ascent, out in an inverted order ; and so they would, in a non- 
resisting medium, but in the air the case is widely different. 

** After the ball had descended 2700 ft., tho resistance of the air would be equal to the weight 
of the ball, there would remain no further cause of acceleration, and the ball would' descend uni- 
formly with its terminal velocity (that is, the greatest velocity which a heavy body can acquire 
when falling in the air), which docs not exceed 419 ft. a second. 

6425 — 2700 

"It would require, therefore, r^s ^^ ^ seconds, to descend the remaining 3724 ft., in 

4I47 

addition to the time, about 10 seconds, which had been occupied in descending through the 

first 2700 ft.; so that, in this instance, the time of descent would be about double that of 

ascent. In all cases where the projectile velocity exceeds 300 or 400 ft., the time of descent will 

exceed that of ascent ; and their difference is greater the more the initial velocity exceeds that 

limit." 

Here we find, observes the General, an Addiscombe professor quoting from two Woolwich pro- 
fessors. We are therefore sure that, at one period of his life, each artillery officer in the service 
belie vetl that the descent and ascent of a ball ^cd upwards were successive motions, not simul- 
taneous. 

But such belief could not last long ; the first time tho young officer attempted to draw the 
traji'ctory of any ball from given range and elevation, we know that he did assume the abscisses ; 
he tiien multiplied each abscissa by the tangent of tho elevation for the vertical ascent, from which 
he subtracted the vertical descent, or fall by gravity, and assigned the difference between the 
vertical ascent and vertical descent as the ordlnates of the curve. He could not have drawn a 
trajectory at all on any other supposition. 

In the Treatise on Artillery, by Colonel Boxer, we find, pp. 144, 145, sixteen descents sub- 
tracted from sixteen ascents, the sixteen differences being given in p. 146 as the ordinates of 
tho curve. The trajectory which he gives would leave nothing to be desired, if he would 
adapt his mode of calculating the fiight of a projectile to some actual fiict, some range and 
elevation recorded as having actually been observed. Perhaps the following may serve as an 
example ; — 

At Shoeburyness, on the 24th of November, 1854, tho 10-in. iron howitzer of 125 owt. gave a 
range of 4440 yds., or 13,320 ft. at 42^ elevation. Herewe say 13,320 x secant 42° =17928 -827564 ft. 
the oblique ascent, 13,320 x tangent 42° = 11993*38128 ft. the vertical ascent, to which latter we 
add 15 ft., the height of the piece above the plane, and we have 12008-38128 ft. for the vertical 
descent, or fall by gravity. From this we determine the time of flight; we find it to be 30*0541 
seconds for 30-0541' x 13-29459 = 12008-32415 ft. 

We divide the oblique ascent, 17023-8275G4 ft. by the time of flight, 30-0541 SGOondfl| the 
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auotient Ib 596*88, the mean velooity of the oblique ascent. We look at onr printed Table and 
find that a ball, falling freely from a state of rest, would acquire a velocity of 596,712 ft. in 
28-3 seconds of time, therefore (23-8 + 15 =) 38-3 seconds is the approximation to the greater 
extreme of the series, or progression, which must form the graduation of the oblique ascent. But 
'38-3 seconds is not sufficient; we try 39 seconds, 39*5 seconds, and 89'55 seconds, which is 
sufficiently accurate. 

Vox the fall in 39 - 55 seconds of time is 



39*55« X 12-345 = 
and in 9* 496 seconds 9*496* x 15*3504 = 



19310-0798625 ft. 
1384-2072152 



the differences 30 - 054 seconds of time and 17925 - 8726473 ft., 

snow an excess uf only 2*045 ft. over the oblique ascent. The velocity which the ball aoqniies by 
falling in 39-55 seconds, we find thus ; — 

89 ^S* 
and in 39 * 54 seconds 39 - 54' 



X 
X 



12-345 = 
12-346 = 



19310-0798625 ft. 
19301-8796186 



the differences 



O'Ol second of time and 



8*2002482 ft., 

show a velocity of 820 ft. per second. 

The observed time of flight was 30 seconds; this is so nearly that which we assign, tliat 
we do not hesitate to say that it proves the truth of our theory, and utterly confutes that of 
Uutton. 

We will now conclude this by showing the true initial velocity of an actual ascent of 6424 ft. 
at elevation 90° ; it is very easily foiind by inverting the reasoning, p. 1732 ; we there found that 
an actual ascent of 8240 ft. resiilted from velocity 824 ft. a second, and 40 seconds' time of flight, 

^ = 8240 ft., we now say ^ = 6424 ft. ; therefore V T = 25686 ft. 



We try 33-8 seconds, a3*8 X 759*147 = 25659 1686, too little ; 
33-9 „ 33-9 X 760 • 376 = 25776 - 7464, too much ; 
33-83 „ 32-83 x 75945581 = 25692*3900523 ft., 



» 



»> 



»» 



with which we are satisfied. It cannot be necessary to repeat for 38-83 seconds the process shown 
in p. 1732 for 40 seconds, the initial velocity which Uutton gives as 2000 ft. a second should be 
759 - 456- ft. a seeond. 

General Anstruther invites the mathematicians of Cambridge, or of any other place, to conflrm 
or negative the theory which assigns to a vortical flight of 10 seconds' duration an initial velocity 
of only 161 ft. a second, with an actuid ascent of only 402-5 ft. Vide Cape's Mathematics, vol. ii., 
p. 216. 

We say that the velocity of 10 seconds' time of flight is 296 ft. a second ; one-fourth of this 
is 74 ft., then 74 x 10 = 740 ft. the actual ascent. We give the following Table showing the 
motion of a ball fired verticsEilly upwards with initial velocity 296 ft. a second. 



ff«l 


Simultancoiis 


Actual Height. 


Simultaneous 


4 

Time, 
SccundsL 


Time. 
Seconds. 


Ascent. 


Descent. 


Descent 


Ascent 


5 
4 
3 

2 

1 



1135 
964-8 
705-6 
538 

282- 6 



305 

254-4 

144 
64-4 
■l6-2 



740 
710-4 
C21-6 
473-6 
266-4 



305 

565-2 

764-4 

992 
1247-4 
1530 


1135 

1275-6 

1386 

1465-6 

1513-8 

1530 


5 
6 

I . 

9 
10 



We say that at 45° elevation the range for 10 seconds' time of flight is 1530 ft., and that we 
can determine the initial velocity which would give that range by a very simple process ; thus, 




a velocity of 216-33(>, almost exactly the mean velocity of the oblique ascent. 

The time when the ball is moving with the mean velocity is sure to be very nearly the middle 
period of the time of flight, so that 5 seconds after, and 5 seconds before, 7*1 seconds, that is 
12*1 and 2*1 seconds, will be the 10 seconds in our Table which give the graduations of the 
oblique ascent. More correctly it would be 12-2 seconds and 2*2 seconds, still more correctly 
12*19 and 2*19 seconds. For the fall in 12 * 19 seconds of time is 



1219« X 16*081 
and in 2*19 seconds 2*19* x 16*081 



2240*9777811 fi 
77*1260841 



2163*8517 ft, only 0*1 ft. too much. 
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The following are the abacisses and oidinates : — 



Time. 


s 

AlMcisses. 




Differences. 


OrcUoAtes. 






1. 


2. 8. 




1 


240-467338 


240-467338 




240-267338 


2 


462-630509 


222-203171 


18- 304167 ^ 




898-231009 


8 


666-065249 


203-434740 


18-728431 




522-065249 


4 


850-347294 


184-282045 


19-152695 




595-947294 


5 


1015-052380 


164-705086 


19-576959 




620-052380 


6 


1159-756243 


144-703863 


20-001223 


0-424264 


594-556243 


7 


1284-034619 


124-278376 


20-425487 




519-634619 


€ 8 


1387-463244 


103-428625 


20-849751 




895*463244 


9 


1469-617850 


82-154610 


21-274015 




222-217850 


10 


1530 074181 


60-456331 

1 


21-698279; 


0- 074181 



We have given these abscisses and ordinates because that is the usual method of defining a 
curve ; it is, however, a very bad method, not one figure being of any use at any other elevation. 
We give now the simultaneous asoent and descent for all elevations whatever. 



Time. 


Ascent. 


Differenoes. 


Deaoent 






1. 8.' 8. 




1 


840-07217 


840-07217 


16*2 


2 


654-25834 


814-18617 25-886\ 


64-4 


8 


941-95851 


287-70017 26-486 




144 


4 


1202*57268 


260-61417 27-086 




254*4 


5 


1435-50085 


232-92817 27*686 




895 


6 


1640-14302 


204-64217 28-286 




565-2 


7 


1815-89919 


175-75617 28*886 


0*6 


764-4 


8 


1962-16936 


146-27017 29-486 




992 


9 


2078-35353 


11618417 29*086 




1247 •€ 


10 


2163-85170 


85-49817 80*686 




1580 


11 


2218-06387 


54-21217 81-286 




1889-2 


12 


2240-39004 


22-82617 81*886/ 


2174*4 


12-19 


2240-9777841 


• 


2240*9777841 



The velocity acquired by falling in 12*19 seconds, we find thus ; — 

The fall in 12*2 seconds is 2244*5072 ft. 

and in 12*19 „ 2240*9777841 

the differences being - 01 second and 8 - 5124159 ft., 

show a velocity of 851 *94, say 852 ft. a second. 

That the range at 45° elevation is the exact measure of the fall by gravity in the time of flight 
Is an acknowledged fact, yet we find the British gunner assigning different ranges to the same 
elevation and time of flight, 45° and 10 seconds. 

We read that the range of the 10-in. land mortar was 534 yds. in 10 seconds, at 45° elevation ; 
that of the 8-in., 560 yds.; so that the fall by gravity in 10 seconds was 1602 ft., or <* x 16*02, as 
shown by the 10-in., or else 1680 ft., or <* X 16 -8, as shown by the 8-in. We say it is 1530 ft., or 
<* X 15-3, as registered in the Greneral's Table. 

The President of the special committee on breech-loading rifles Informed Anstruther that 
they do not consider the angles given in p. 28 of their report to be sufficiently accurate to 
furnish data for calculation, and that the initial velocity was really very much greater than he 
gave it. < 

It is to be regretted that the committee did not measure the true angle of departure in 
the manner adopted by the French at Gavre, in the years 1880 to 1840, who placed a screen 
80 ft. in front of the muzzle, and measured the actual angle at which the shot did leave the 
gnn. 

The following were the oblique ascents and vertical descents of the largest gun, the *' canon de 
80 long," with the smallest charge, 2^*45. 

Bange 828 mHres, or 1059-73 ft., had 

Oblique ascent 1059*8 ft. 

Vertical descent .. 14-396 ft. 

Therefore, a time of flight 0*94 second 

(1059*8 \ 
= J .. 1127*44 ft. a second. 

Hence we know that at the expiration of 0*47 second, the velocity of this ball was 1127*44 ft. a 
second. 
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Again, the range being 712 metres, or 2336 ft., 

The oblique aacent was 2887 ft. 

The vertical descent 83'09ft. 

The time of flight 2-278eoond8 

(2837 \ 
nTM—) 1029-5 ft. a second, 

which is the velocity with which it was moving at 1 - 135 second after quitting the muzzle. 

Comparing these two, at 0*47 second, the velocity was 1127*44 ft. 

1135 ,. .. „ 1029-5 



n 



n 



97*94 ft.. 



the differences are 0*665 „ and 

showing a rate of reduction of about 147 ft. in a second. 

Supposing that the ball lost half of this velocity in the 0*47 second of its first flight, we add 
74 ft. a second to the 1127*44 ft of the first range, and give (1127-44 + 74 =) 1201 ft., say 1200 
as the initial velocity of the baa The French artillerists give it as 363 metres, or 1190*966 ft., 
almost exactly what Anstruther's simple and easy calculation makes it. 

ExampUj to show how Table E is applied. — On the supposition that the largest projectile will 
be most easily observed, and that the longest gun will give the most accurate results, we have 
•elected our data from page 390 of the Ordnance Manual of the American Artillery. The bore of 
the piece is 15 in. in diameter, 165 in. in length. 

Tbib 15-in. oolumbiad, with 40 lbs. of powder, gave the following ranges, namely, at 

9° elevation, 2236 yds., or 6708 ft. in 8*87 seconds' time. 



lOP 
IT 

15<> 
20° 
25° 
28° 
30° 



n 
n 
n 
n 
n 



2425 
2831 
8078 
8838 
4528 
4821 
5018 



n 



n 



7275 
8493 
9234 
11514 
13584 
14468 
15054 



n 
n 
n 
n 



n 



10 

1207 

13-72 

17-82 

22-03 

24-18 

26*71 



n 



»» 
n 
n 
ft 



The angles here named are evidently the " angles of inclination," as jrixnm by a flpirit4evel 
quadrant, and not the *' angles of departure," those which the path of the shot maJras with the 
horizon, as it clears the mouth of the piece ; but the recorded time of fiight enables us to find the 
vertical ascent, from which we can determine the ftngle of departure. 

The vertical descent is the fall by gravity : our Table shows us that the fall in 



8-87 seconds is 8-87* 



15-413= 1212-6470597 ft. 
15*3 = 1530 
15*093 = 2198-8221857 
14-928 = 2810 0228352 
14-518 = 4610-2257432 
14*297 = 6841*5687273 
13*882 = 8116-4222568 
13*629 = 9723-2570589 

There must have been a vertical ascent to enable the ball to have thia vertical desoent, we 
deduce the following eight triangles ; — 



10 

12-07 

13-72 

17-82 

22 03 

24*18 

26*71 



n 
n 
n 
n 
n 
n 



10* 

12* 07* 

13- 72* 

17-82« 

22-03* 

24-18" 

26-71« 



X 
X 
X 
X 
X 
X 
X 
X 



Triangle. 


HoriflonUL 


VerUcftL 


Oblique. 


Triangle. 


Hortiontal. 


Vertical 


Oblique. 


I. 
II. 

m. 

IV. 


6708 
7275 
8493 
9234 


1212-647 
1530 

2198-822 
2810-023 


6818-7 
7434-15 
8773 
9652*1 


' V. 

VI. 

VII. 

VIII. 


11514 
13584 
14463 
15054 


4610-226 
6841-569 
8116-422 
9723-257 


12402*6 
15209-6 
16584-7 
17921-067 



The last of these triangles we must examine carefully. 
Knowing the three sides, we find the acute angles to be 



32° 51' 29-1", log. sin. 9-7344479 
and 57° 8' 30 9'', „ 9-9242881; 



we draw a triangle with these angles, and upon the hypothenuse we mark off all the eight oblique 
aecents given p. 1732, then tnm the points so found let fiedl successively the eight vertical 

834C 




^bOOFECT 



descents, join the lower ends of all the verticals ; the curve so found is the tngeetory required, as 
in Fig. 8846. 
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The calculated measurementa of thia curve are as follows; — 



Ab8da8e& 



5726 145 
6224-812 
7369-47 
8107-927 



Simultaneous 



Ascent 



Descent 



OnUnatea. 



3698-467 
4033-47 
4759-876 
5236-841 



1212-647 
1530 

2103-842 
2810-023 



2485-82 
2503-47 
2561 054 
2426-818 



▲Iwdasei. 



SlmultanevuB 



Awent 



Deioent 



Ofdinates. 



10416 
12777-322 
13934-687 
15054 



6729-151 
8252-117 
9002-261 
9723-257 



4610-226 
6841-569 
8116-422 
9723-257 



2118-925 

1410-548 

885-839 

00 



We must now determiue the initial velocity of this ball, which we easily do, from the fact that 
it did ascend obliquely to a distance of 17921 - 067 ft. in 26*71 seconds, with a simultaneous vertical 
descent of 9723-257 ft. If this ball had been fired vertically upwaids, then at 8197*81 ft. above 
the plane would have been its place at the expiration of 26*71 seconds of time. 

Wo know that if a biUl be projected upwards vertically, with the velocitv which it aoquired in 
any time by descending freely, it would, if not acted upon by gravity, lose all velocity in an equal 
time, and would, if not acted upon by gravity, ascend just to tlie same height from which it fell, and, 
in so doing, would describe equal spaces in equal times, in rising and falling, but in an inverse 
order ; and it would have equal velocities at any one and the same point of the line described both 
in ascending and descending. 

Our last paragraph, except the words in italics, is taken from Button, as quoted by Gregory 
and Butherford. The words in italics added by the General are necessary. 

We have therefore only to turn to our Table showing the fall of gravity as modified bv the 
resistance of the atmosphere, to find the 267 lines which will give the graduation of the oblique 
ascent of this ball, and wo have a very simple method of finding the place by finding the mean 
velocity; the space 17,921 ft. divided by the time 26*7 seconds, gives 671*2 ft. a second as the 
mean velocity of the ascent, which we see must be nearly the velocity with which the ball will be 
moving at the middle period of the time of fiight, that is to say, at 13-35 seconds from clearing 
the mouth of the piece. Now velocity 671*2 is acquired by H fall of 27-6 seconds, we add 27*6 
tind 13*35, the sum 40*95 seconds is an approximation to the true time. 

But 42 * 1 seconds is nearer the truth, as we shall show. 



The fall in 
and in 



42 
15 



1 seconds is 42*1* x 12*09 = 21428*4369 ft. 
4 ., 15*4« X 14*76 = 3500-4816 



>» 



tlie differences being 26*7 seconds of time and 17927*9553 are only 7 ft. too much. 

Wo shall, however, be satisfied with 42 seconds as near enough. 

The fall in 42 seconds is 42* x 12*1 =21344*4 
and in 15*3 „ 15*3* x 14*77 = 3457*5093 



17886*8907 ft., 
which is too short by 34 



as it ought to be 17921 



Onr Tabid shovs that the velocity acquired by a fall of 42 seconds is 840 ft. a second ; this is 
therefore the initial velocity, which at the elevation (true) 32° 51' 29*1" gave a range of 5018 yds. 

Now let us suppose that the ball is fired vertically upwards with initial velocity 840 ft a 
second, it is very evident that, if no force were acting upon the projectile, it would, by the first law 
of motion, move on for ever in the line of direction given to it, and would ascend to a height of 
(42 X 840 =) T Y = 35280 ft. in 42 seconds; the resistance of the atmosphere reduces this to 
21344*4 ft. ; and the force of gravity causes a simultaneous descent of 21344*4 ft., so that the ball 
returns to the ground, having in exactly half the time of flight attained a vertical height of exactly 
one-fourth part of T V, that is to say, 8820 ft., the fourth part of 35,280 ft. 

Why the actual ascent, at 90° elevation, should always be exactly the fourth part of T V, we 
need not inquire ; such is tlie fact. We shall show another example of it. A ball fired vertically 
with initial velocity 636*224 ft. per second, will return to the ground in 25*5 seconds, having 
ascended in 12*75 seconds to a height equal to 25*5, multiplied by one-fourth part of 636*224, 
which is 159*056 ft., so that <25*5 x 159 056 =) 4055*928 ft. is the real height attained. This is 
a correction of the height assigned to this ball in p. 381 of vol. ix. of the Journal of the Royal 
United Service Institution, where the height is given as 4055*93275 ft., which is 0*00675 ft. too 
much; the velocity there assigned to this time of fiight is 636* 1385 ft., it should be 636*224. The 
cause of the error is to be found in page 375, where the velocity acquired by a fall of 25*5 seconds 
is found by taking the difference between 25*5 and 25*49 seconds; it should have been done by 
taking the difference between 25 * 5 and 25 * 49999999999999 seconds. The true ascent is one-fourth 
of T V in all possible cases, but this was not known in a.d! 1865. 

Hutton supposed that an initial velocity of 2000 ft., at 90° elevation, would culminate in " less 
than 9} seconds" at a height of 6424 ft., returning to the ground in "about" 16 seconds. He did 
not perceive that the ascent and the descent were simultaneous, and in this error he was followed 
by Gregory and Straith, and most probably by many others. 

It is gratifying to bo able to show that General Boxer, B.A., in his treatise on Artillery, gives 
the following ; — 
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AlwdMei. 


ShnoltaaeoQi 


OrdlnjitM. 


AbedtMS. 

! 


. Sioraltaneous 


Ordlnatet. 


AM0Dt. 


Detoent 


AnociiL 


Descent 


100 


0-87269 


0-05624 


0-81645 


i 900 


7-85421 1 


5-1328 


2-72141 


200 


1-74538 


0-2285 


1-51688 


1000 


8-7269 


6-4193 


2-3076 


SOO 


2-61807 


0-52211 


2-09596 


1100 


9-59959 


7-874 


1-72559 


400 


8-49076 


0-94233 


2-54843 


1200 


10-57228 


9-4982 


0-97408 


600 


4-36345 


1-4945 


2-86895 


1300 


11-34497 , 


11 -296 


0-04897 


600 


5-23G14 


2-1837 


3-05244 


1400 


12-217G6 


13-274 


-1 05634 


700 


6- 10883 


3-0157 


• 3-69313 


1500 


13-09035 


15-436 


-2-34365 


800 


6-98152 


3-9954 


2-98612 


1600 


13-96304 


17-79 


-3-82096 



The following tabulated form shows the measurements of the curve described by the ball which, 
at elevation 32° 51' 29-1", obtained a range of 5018 ydd. ;— 





SimuItaneooB 




1 

1 


SimulUneoos 




AUctaet. 






Ordinates. 


Absduef. 






Ordinates. 




Ascent. 


Descent 






Ascent 


Descent I 




702-42 


453-7 


16-2 


437-5 


9601-4 


6201-5 


3330 


2871-5 


1298 12 


903 


64-4 


838-6 


10150-1 


6555-9 


8763-2 


2792-7 


2086-6 


1347-7 


144 


1203-7 


10084-5 


6901-1 


4219-4 


2681-7 


2767-35 


1787-4 


254-4 


1533 


11204-2 


7236-7 


4698 


2538-7 


8439-87 


2221-8 


395 


1826-8 ' 


11708-5 


7562-4 


5198-4 


2364 


4103-65 


2650-5 


565-2 


2085-3 


12197-1 


7877-9 


5720 


2157-9 


4758- 19 


3073-3 


764-4 


2308-9 


12669-3 


8182-9 


6262-2 


1920-7 


5403 


3489-7 


992 


2497-7 


13124-8 


8477-1 


6824-4 


1652-6 


6037-54 


3899-6 


1247-4 


2(>52-2 


13563 


8760-2 


7406 


1354-2 


6661-34 


4302-5 


1530 


2772-5 


13983-3 


9031-6 


8006-4 


1025-2 


7273-88 


4698-1 


1839-2 


2858-9 


14385-4 


9291-3 


8025 


666-3 


7874-66 


5086-2 


2174-4 


2911-8 


14768-6 


9538-6 


9261-2 


277-4 


8463-18 


6466-3 


2535 • 


2931-3 


15131-5 


9773-6 


9914-4 


- 140-8 


9038-93 


5838-2 


2920-4 


2917-8 











If this ball were now fired vertically upwards, its time of flight would be 42 seconds, its motions 
AS follows, namely ; — 







Simnltmocoos 


Actual 

Height 

attained. 


Siniultaneoos 








Seconds 
of Time. 










Seconds 
of Tlnw'.. 






Ascent 


Descent 


Descent. 


Ascont. 






21 


15082-2 


6262-2 


8820 


6262-2 


15082*2 


21 






20 


14520 


5720 


8800 


6824-4 


15624-4 


22 






19 


13938-4 


5198*4 


8740 


7406 


16146 


23 






18 


13338 


4698 


8640 


8006-4 


16646*4 


24 






17 


12719-4 


4219-4 


8500 


8625 


17125 


25 






16 


12083-2 


3763-2 


8320 


9261-2 


17381-2 


26 






15 


11430 


3330 


8100 


9914-4 


18014*4 


27 






14 


10760-4 


2920-4 


7840 


10584 


18424 


28 






13 


10075 


2535 


7540 


11269-4 


18809-4 


29 






12 


9374-4 


2174-4 


7200 


11970 


19170 


30 




. 


11 


8659-2 


1839-2 


6820 


12685*2 


19505-2 


81 






10 


7930 


1530 


6400 


13414-4 


19814-4 


82 






9 


7187-4 


1247*4 


5940 


14157 


20097 


33 






8 


6432 


992 


5440 


14912-4 


20352-4 


34 






7 


6664-4 


764*4 


4900 


15680 


20580 


35 






6 


4885-2 


665-2 


4320 


16459-2 


20779-2 


36 






5 


4095 


895 


3700 


17249-4 


20949-4 


87 






4 


8294-4 


254-4 


8040 


18050 


21090 


38 






8 


2484 


144 


2340 


188G0-4 


21200-4 


39 






2 


1664-4 


64-4 


1600 


19680 


21280 


40 






1 


836*2 


16-2 


820 


20508-2 


21328-2 


41 













21344*4 


21344-4 


42 





It is much to be regretted that we have not any record of practice at great elevations, which 
would give us the measure of the fall by gravity in 50, 60, or even 70 seconds of time. As there is 
no limit to the resistive strength that might be given to the 15-iu. columbiad, by shrinking on 
eteel tubes, there can be no reason why this piece, which, with a charge of 40 lbs. of powder, at 
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elevation 74° 3' 38*7", would get a range of 1950 yds., should not be fired at an elevation of 85^ 
with a charge of 80 or 100 lbs. of powder ; the observed time of flight and measured range would 
be ver^ instructive. At present the 42 seconds* flight is the very outside of the limit we can calcu- 
late with certainty ; our Table of the series or progression fiuls altogether at 54*4". 



Table G. 



Time. 



Abeciues. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 



702-4223 

1298-1245 

2086-6026 

2767-3526 

3439-8705 

4103-6523 

4758-1940 

5402 9916 

6037-5411 

6661-3385 

7273-8798 

7874-6610 

8463-1781 

9038-9271 

9601-4040 

10150 1048 

10684-5255 

111204-1621 

11708-5106 

112197-0750 

112669-3433 

113124-8115 

|l3562-9756 

13983-3316 

114385-3755 

:14768-6033 

15131-5110 



Diff. 

702-4223 

695-7022 
88-4781 
80-75 
72-5179 
63-7818 
54-5417 
44-7976 
34-5495 
23-7974 
12-5413 
00-7812 

588-5171 
75-749 
62-4769 
48-7008 
34-4207 
19-6366 
04-3485 

488-5644 
72-2683 
55*4689 
38-1641 
20-356 
02-0439 

383-2278 
63-9077 



Simaltaneona 



AficeDt 



Descent 



453-6889 
903-0373 
1347-7197 
1787-4106 
2225-7845 
2650-5159 
3073-2793 
3489-7492 
3899-6001 
4302-5065 
4698 1429 
5086-1838 
5466-3037 
5838 1771 
6201-4785 
6555-8824 
6901-0633 

7236-6597 
7562-3821 
7877-9050 
8182-9029 
8477-0503 
8760-1762 
9031-6461 
9291-2890 
9538-6249 
9773-6373 



Diff. 
453-6889 
3484 
6824 
6909 
3739 
7314 
7634 
4699 
8509 
9064 
6364 
0409 
1199 
8734 
3014 
54-4039 
45-1809 
5964 
7224 
5229 
9979 
1474 
9714 
4699 
6429 
4904 
0124 



49 
44 
39 
34 
28 
22 
16 
09 
02 
395 
88 
80 
71 
63 



35 
25 
15 
04 
294 
82 
71 
59 
47 
35 



•2 

'4 



•2 

•4 



16-2 
64-4 

144 

254-4 

395 

565 

764 

992 
1247 
1530 
1839 
2174 
2535 
2920-4 
3330 
3763-2 
4219*4 
4698 
5198-4 
5720 
6262 
6824 
7406 
8006 
8625 
9261 
9914 



2 

4 



Ordlnatek. 



2 
4 



437-4889 
838-6373 
1203-7197 
1533-0106 
1826-7845 
2085-3159 
2308-8793 
2497-7492 
2652-2001 
2772-5065 
2858-9429 
2911-7838 
2931-3037 
2917-7771 
2871-4785 
2792-6824 
2681-6633 
2538-6597 
2363-9821 
2157-9050 
1920-7029 
1652-6503 
1354-1762 
1025-2461 
666-2890 
277-4249 
-140-7627 



Diff. 1. 

437*4889 

401-1484 

365-0824 

329-2909 

293-6739 

258-5314 

223-5634 

188-8699 

154-4509 

120-3065 

86-4364 

52-8509 

19-5199 

13*5266 

46-2986 

78-0961 

111-0191 

143-0036 

174-6776 

206-0771 

237-2021 

•0526 

•4741 



DiiL2. 



268 
298 
328 
358 
388 
428 



•9301 
9571 
8641 
1876 



86 

35 

35- 

35' 

34- 

34- 

34* 



066 
7915 
617 
1425 
968 
6935 
419 
34-1444 
33-8701 
33-5855 
33-2472 
33-3310 
0465 
7720 
7975 
9230 
9845 
6740 
3995 
1250 
30-8505 
30-4215 
4560 
0270 
9070 
3235 



33 
32 
31 
32 
32 
31 
31 
30 



30 
30 
29 
29 



Table H. — Elevations. — Initial Velocity 840 feet a second. 



Time. 


Ascent 


Descent. 


Logm.Sine 


ElevatioD. 


Ranges. 












o 


1 w 


feet 


yards 


1 


836-2 


836 


■2 


16*2 


8-2872048 


1 


6 36 


836 


279 


2 


1664-4 


28 


•2 


64-4 


5876282 


2 


13 


1663 1 


554 


3 


2484 


19 


■6 


144 


7632109 


3 


19 


2479-8 


826-6 


4 


3294-4 


10 


4 


254-4 


8872138 


4 


25 


3288-5 


1096 


5 


4095 


00 


■6 


395 


9843432 


5 


32 


4075-9 


1859 


6 


4885-2 


790 


•2 


565-2 


9-0633199 


6 


38 


4852-4 


1617-5 


7 


5664-4 


79 


•2 


764-4 


-1301668 


7 


45 


5612-6 


1871 


8 


6432 


67 


•6 


992 


881657 


8 


52 


6355 


2118 


9 


7187-4 


55 


•4 


1247-4 


•2394339 


9 


59 


7078-3 


2359 


10 


7930 


42 


•6 


1530 


854182 


11 


7 


7845 


2615 


11 


8659-2 


29 


•2 


1839-2 


3271512 


12 


15 


8461-6 


2820-5 


12 


9374-4 


15 


•2 


2174-4 


653959 


13 


24 


9118-7 


3039*6 


13 


10075 


00 


•6 


2535 


-4007340 


14 


34 


9750-8 


3250 


14 


10760-4 


685 


•4 


2920-4 - 


336139 


15 


44 


10356-5 


3452 


15 


11430 


69 


■6 


3330 


643980 


16 


55 


10938-3 


3646 


16 


12083-2 


54 


2 


3763-2 


933753 


18 


8 


11482*2 


3827 


-17 


12719-4 


36 


2 


4219-4 


-5207841 


19 


22 


11999-3 


3999*8 


18 


13338 


18 


6 


4698 


468223 


20 


37 


12483-2 


4161 


19 


13938-4 


00 


•4 


5198-4 


716568 


21 


53 


12932-7 


4311 


20 


14520 


581 


•6 


5720 


954294 


23 


11 


13345-8 


4449 


21 


15082-2 


62' 


2 


6262-2 


•6182622 


24 


31 


13720-7 


4573-6' 


22 


15624-4 


42- 


2 


6824-4 


402612 


25 


53 


14055-2 


4685 


23 


16146 


21- 


6 


7406 


615188 


27 


18 


14343 8 


4781 


24 


16646-4 


00- 


4 


8006-4 


821270 


28 


44 


14598-2 


4866 


25 


17125 


478- 


6 


8625 


•7021285 


30 


14 30-3 


14794-44 


4931-5 


26 


17581-2 


56* 


2 


9261-2 


216188 


31 


47 


14944-3 


4981 


27 


18014-4 


33* 


2 


9914-4 


406466 


33 


23 


15040*2 


5013 
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Tabls K-HHmtinued, 






Thne. 


Aioent. 


Deicent. 


LognLSlne. 


Elevation. 


Banget. 












o 


f n 


feet 


yards. 


28 


18424 


409-6 


10584 


9-7592659 


35 


3 


15080-5 


5027 


29 


18809-4 


385-4 


11269-4 


775259 


36 


48 


15059-6 


5020 


30 


19170 


60-6 


11970 


954721 


38 


38 


14973-6 


4991 


31 


19505-2 


35-2 


12685-2 


-8131469 


40 


34 


14816-8 


4939 


82 


19814-4 


09-2 


13414-4 


305903 


42 


36 


14583 


4861 


33 


20097 


282*6 


14157 


478400 


44 


47 


14264 2 


4754-7 


34 


20352-4 


55-4 


14912*4 


649319 


47 


6 


13850-2 


4C17 


35 


20580 


27-6 


15680 


819007 


49 


38 


12329-4 


4443 


36 


20779-2 


119-2 


16450-2 


987799 


52 


22 


12687-3 


4229 


37 


20949-4 


170-2 


17249-4 


•9166024 


55 


37 


11803-7 


3934-6 


38 


21090 


140-6 


18050 ' 


324006 


58 


51 


101)08 


3G36 


39 


21200-4 


110-4 


18860-4 


492068 


62 


49 34 02 


9682 


3227 


40 


21280 


79-6 


19680 


660535 


67 


39 


8095-4 


2698 -5 


41 


21328-2 


48-2 


20508-2 


829733 


74 


3 


5857 1 


1952-4 


42 


21344-4 


16-2 


21344-4 


10-0000000 


90 




0-0 


0-0 






Tablb I. — Elevation 45° 


• 


■ 




i>^< 


Dge. 


Time 


Oblique 




Mean 


Initial 






£UU 


of Flight. 


Ascent 




Velocity. 


Velocity. 






janlg. 


feet 














^ 


100 


300 


4-35 


424-264 


97-53 


162-88 






200 


600 


6-2 


848-528 


136-86 


227-624 




» 


300 


900 


7-61 


1272-792 


167-25 


275-88 






400 


1200 


8-82 


1697-056 


192-31 


315-7 






500 


1500 


9-9 


2121-32 




214-27 


349 






600 


. 1800 


10-87 


2545-584 


234 07 


380-5 






700 


2100 


11-79 


2969 848 


251-9 


407-2 






800 


2400 


12-63 


3394-112 


268-73 


433-2 






900 


2700 


13-45 


3818-376 


283-88 


454-4 






1000 


3000 


14-2 


4242-64 


t 


298-8 


476-411 






1100 


3300 


14-93 


4666-904 


312-58 


496 112 






1200 


3G00 


15-63 


5091-168 


325-73 


515-327 






1300 


8900 


16-3 


5515-432 


338-37 


533 






1400 


4200 


16-96 


5939-696 


349-04 


554 






1500 


4500 17-59 


6363-96 


361-19 


565-1 






20U0 


6000 


20-52 


8485-28 


413-41 


634-5 






2500 


7500 


23 15 I 10606-6 




458-17 


690 






3000 


9000 


25-6 


12727-92 


497-18 


734-656 






3500 


10500 


27-88 


14849-24 


532-54 


772-336 






4000 


12000 


30 05 


16970-56 


564-71 


805-1 






4500 


13500 


32 11 


19091-88 


594-46 


830 






5000 


15000 


34-12 


21213-2 




1 621-72 


850 





We will hereafter describe two useful instruments, adapted by Major-Qen. Anstruther, in his 
inyestigations respecting the motion of projectiles. 

When the parabolic theory of the motion of projectiles in vacuo was first brought forward it 
was supposed oy many clever men that the resistance of the fluid in which a projectile must 
necessarily move might be disregarded in calculation, or that at least a compensation miglit be 
found by experiment or otherwise which would render the parabolic theory capable of practical 
application. Persons who in those remote times were sceptical on this point would most likely have 
b^en treated with the same kind of good-natured contempt that anyone in the present day would 
meet with who dared to express a doubt as to the truth of the generally-received doctrine, that the 
aj)plication of the parabolic theory in practice is quite inadmissible on account of the resistance 
of the air to a projectile moving with the velocity which it is practically necessary to consider. 
It is the fashion to assert as an indisputable fact that nothing can be further from the true 
trajectory of a projectile subject to the resistance of the air, and moving with a considerable 
velocity, than a parabolic curve, and this we are told everybody knows ; if everybody also knew 
what the true curve of the trajectory was. we should be in a very favourable position for solving all 
the useful practical problems appertaining to the science of gunnery ; but here we are left completely 
in the dark, to arrive at the conclusion that what the real curve of a trajectory is, nobody knows. 

The question therefore naturally arises, What are we to do ? If theory, as it is called, unsup- 
ported by practical results, cannot be relied upon, and must consequently be altogether disregarded, 
isolated experiments, without the support of some theory enabling us to generalize, classify, and 
arrange the results of practice, so as to render them appbcable to all cireumstances, are little if at 
all better than the disregarded theory. That the range of a projectile moving through the air falls 
far short of the range oiaoulated upon the supposition that toia same projectile moves in vacuo, ia 
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Ii well-known fact ; bnt at the same time, we approach nearer and nearer to a coincidence with the 
calculated range as the projective force and velocity are diminished. It could hardly have been 
expected that calculations established upon the supposition that the projectile moved in vacuo 
should be found applicable in practice without certain modifications ; but it was at first supposed 
that a system of compensation or rectification might be easily arrived at, which would bring the 
disturbing elements caused by the resistance of the atmosphere and other causes quite within 
manageable limits, and that the established theory would not only serve as a sure guide to experi- 
ment, but also as the means of generalizing and forming practical rules. But this idea seems to 
have been long abandoned. The foroe of resistance, at first almost ignored, seems to be now 
exaggerated to such a degree that all thoughts of attempting to establish a practical theory seem 
to be hopelessly relinquished. We seem to have got into a kind of chaos of ideas on the subject 
of projectiles, without anvthing to rest upon besides a blind reliance upon tables, which we worship 
and believe in, and which are framed according to a system which, of course, everybody knows, 
but which nobody could exactly describe to you if they were individually aaked, and upon an 
implicit faith in some old traditional rules with reference to what are called the laws of gravity, 
which have been preserved for ages, and are reproduced as a matter of course in all works upon 
gunnery. 

The laws of g^vity seem to be like the laws of the Modes and Persians* which no one, except 
Anstruther, should gainsay or attempt to alter ; and consequently they seem to have been taken as 
the starting point of all discussions respecting the theory of projectiles, and no one, except 
Anstruther, has been so wicked as for a moment to Question the truth of these time-honoured 
institutions, consequently they have remained unaltered, as venerable monuments of the past. 

That pur theory of projectiles has proved a practical failure few will be disposed to deny. But 
the following question remains to be answered. Shall we relinquish all further theoretical inquirv, 
drop the matter in despair, and trust to experiment, tables, trial shots, and chance ? or shall we do 
what a sensible workman generally does when his first effort at success is unsatisfactory, namely, 
look to his tools and machinery to see that there is no fiaw of construction or no miscalculation as 
to the principles of action, and also look about him to see if there are no modem discoveries or new 
scientific inventions which may assist him in arriving at the required result ? In the present 
article we propose to take the latter course, and in the first place to «ay a few words about the laws 
of gravity, which may be considered as the machinery and tools with which we have been working 
so long. That the resistance of the air must form an important element in all calculations with 
reference to the trajectory of projectiles there can be little doubt ; but we think it is at least 
questionable whether we ought to attribute the whole of the glaring discrepancy which is found to 
exist between theory and practice to that cause alone. It will be at least worth while to examine 
the matter in detail, in order to ascertain if there are not other sources of error, and whether 
corrections cannot be applied so as to bring the total amount within manageable limits. 

Suppose a curve either convex or concave to the axis of the abscisses to be of such a nature 
that while the abscisses denote the time, the corresponding ordinates shall denote the measure of 
the force during such time ; then, because effects are proportionate to their causes, the instan- 
taneous velocities produced or generated by the forces are proportionate to the forces which generate 
them, da =z y,dx expresses the differential of the area included by a curve, and the ordinatbs of 
any points upon it, as the function of the co-ordinates ; therefore, substituting v for a, / for y, and 
t for Xj we have dv = f.dt. Taking as before the abscisses to express the time, but the correspond- 
ing ordinates to denote the velocities generated or produced, it will be evident that in this case in 
the expression da •= y ,dx^a may be taken to represent the space passed over with the velocitr 
indicated by the abscisses ; we may therefore substitute a for a, v for y, and as before, t for x, which 
gives d8rzv,dU When we have to deal with uniform velocity we may take o as constant ; there- 
fore, integrating the last expression, « = v ^, from which we deduce the following ; — 

In uniform velocity — 

1. The spaces described in the same time are as the velocities. 

2. The spaces described with the same velocity are as the times. 

3. Spaces described with unequal velocities and in different times are as the velocities and 
times conjointly. 

There can be no doubt whatever that the above expressions are correct exponents of the value 
of uniform forces or velocities under all the circumstances to which they may be applied. But 
with reference to the subject we are now dealing with, uniform foroe or the resulting uniform 
velocity can be only taken as a measure of, or as a means of indicating the comparative values of 
the varying forces, or of the accelerated or retarded velocities involved in the motion of bodies 
subjected to the influence of attraction combined with that of a projectile force, while passing 
through a resisting medium. We here enter upon a very intricate subject, so difficult that in 
order to facilitate calculation we seem to have condoned many errors in theory as being separately 
too minute and insignificant to have any important effect upon the practical result the conse- 
quence of which appears to be that the aggregate has produced an amount of accumulated error 
which renders our calculations practically useless, and then we exonerate ourselves by laying the 
whole blame upon the atmosphere. We can only estimate or compare forces by noting their enecta 
upon matter with which we are conversant, and then by a careful analysis ana compariaon 
endeavour to deduce as close an approximation as possible to the laws of action of the forces under 
investigation. Leaving out of consideration slight deviations and perturbations, we may assume as 
an established fact tiiat the orbits of the heavenly bodies subjected to the infiuences of attraction 
and some original mysterious projectile force are elliptical. This, due to John Kepler, is at least 
the closest approximation to their line of motion whicn we have as yet arrived at. 

Starting from this point, we shall now proceed to show that if the centre of foroe be situated in 
one of the fod of an eUipse, a body whose line of motion is on the periphery must be attracted by 
a force whose intensity is inversely proportional to the square of tne distadioe firom the centre of 
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iittraction, and that therefore this is the cloeest approximation to the law of attraction which we 
have as yet attained to. In order to this we ahall in the first place establish two equations with 
reference to centripetal forces in generaL 

We shall suppose that a body projected from a given point A, Fig. 3347, in a given direction 
A E, with a given velocity, is attracted by a force 
which acts according to any law whatever towards 
a fixed point G. Take the curve A M B, which we 
will express by z^ to represent the locus of motion 
of a particle subject to the combined infiuences of 
the projectile and attractive forces ; A, G M radii 
vectors, which we will represent, by y, indicating 
the lines of action of the attractive force at any 
points A and M in the curve A MB; AE,MS 
tangents at the points A and M, and GE, CS 
perpendiculars upon the tangents from the fixed 
point G. 

From any point T in the tangent at M let fall 
the perpendicular TH upon the line GM. Then 
T M, M B, T R, may be taken respectively to repre- 
sent dXf dy and dx. 

By the resolution of forces G M, MS as the force in the direction G M to the force in the 
direction of the tangent at the point M. By similar triangles M T : M B : : GM: M S ; or if we take 

/ to express the centripetal force at the point M, <f jr : dy II f I -p/, which evidently expresses 

the force in the direction of the tangent at M. Substituting this value for /in the expression 

dy dv • d M 

<l« =:/.<f< (/isforforoe in general), we obtaincfo= ---/.d<; cfo.d«=/.dy.d<; -^— -r — = d*. 

Eliminating di by means of the equation d« = o.dt, which in this case is represented by 

(f jr = . d<, we get -^-V- = dt = — ; v . do = /. dy, which, when y increases as the velocity o 

diminishes, becomes o . do = — / . dy. 

Taking the two equations already established, dv=if,di and dwszv.dtf upon the snpjMsition 
that the evaneecent mtervals of time are ecjual to each other, and consequently dt uniformly 
constant, the differential of the latter expression becomes d*M si dv,dt. Substituting the above 
value for do, we have d^M =f.di^» GM:GSa9 the force in the direction G M is to the force in 
the direction perpendicular to the tangent at M. Taking « to represent the perpendicular G S, we 

have y : • : t / : — /» which represents the force in the direction perpendicular to the tangent at M. 
Substituting this value for / in the above expression, we have d* jr s= - /. <f <*. By similar triangles 

9 



TM:MB::GM:MS,djr:dy::y: 



y,dy 



therefore 



y»dy _ 



= MS. The radius MS is to 



dM ' d» 

the radius M T as the differential of the circular are described by the point S (which may 
evidently be represented by d«, the differential of the tangent at that point) to the differential of 
the drenlar are described by the point T, which may be ti^en to represent the second differential 

of jr with respect to the space TM = djr. Therefore =^^^3^ : tf* :: d« : ^ , , -r-^zr = <P*; 



dM 



y.dy 



butdx = od<, — s di\ Subetitutid)^ 
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tnerefore -/d<* =: d^M = v— » -fdfi = — ^— 

y y-dy y' y.dy 

this value for /f<*, -/-y- = — *■— — , f,dy.$^ t».d«. 

y o" y^dy ' ' ' 

Having now established the two equations o . d o = '^ f^dy and f .dy ,%^ifl,dt^ weoan olimi* 
_ J _ _ji J _ 

nate/. -—:-/=-; — , * «.do = o.d«, o.d< + <do = 0. Integrating, we get .« = G. 

dy * dy» ' ' « o» w 

Taking d to represent the perpendicular G E to the tangent at the initial point A, and the 
initial velocity, it will be evident that when becomes 
e, 9 becomes cf; therefore cd = G, and the corrected 
integral will be v . « = c<f. 

The areas of all parallelograms circumscribing an 
ellipse formed by drawing tangents at the extremities 
of two conjugate diameters are constant, each being 
equal to the rectangle under the axes. 

Take a to represent the semi-transverse axis, and 6 
the semi-eonjugate axis ; P G, G D, Fig. 3348, two semi- 
conjugate diameters, 6. a = PP'GD, -^ = PF. 

The angles made by the focal distances with the 
tangent are equal aud the angle at P is e<|ual to the 
angle at E on account of the tangent being parallel 
to the diameter £ D ; therefore, by similar triangles, 

y : J : : PE : PP',iJ^ s= PP'. if straight lines be drawn fhan the foci to a vertex of any 

5 T 




1746 



GUNNERY. 



diameter, the distance from the vertex to the intOTection of the conjugate diameter with either 
focal distance is equal to the eemi-transverse axis, 



PE = a, — = PF; 

y 



6. a _ pp, _ »•« 



CD 



8 = 



y 



b.y 

CD 



The rectangle under the focal distances of the vertex of any diameter is equal to the square of the 
semi-conjugate diameter, F P . y = D* ; but the focal distances are equal to t he transvers e axis, 
FP + y=2a, F P=(2a — y). Substituting value for F P, (2 a — y).y=CD«, V(2a -y)y=C D. 

Substituting this value in » = ^, we have 8 = i ii2a^y)y\ ' Substituting this value 
for « in the equation t>.« = c.(f, v. , , ,^ '^ ^ , ■ - c^f c.6.y = c.rf. V { (2a - y)y } , 
t>«.6«.y« = c*. cP. (2 a — y) y, «».6«.y = c». d*. (2 a — y), e» = -^i :r-^. Differentiating, we obtain 



— c.dc = 



6» 



6« y 

^— ^; but— /dy = t>.d!>; :.fdy = — u.dr, /cTy = — ©.d«= -^ 



y* 



g.<^y 
y* 






•^ / = -i 9 which shows that the force of attraction is inversely 

if 
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proportional to the square of the variable distance y of a particle moving in an elliptical orbit, the 
centre of the attracting foroe being in one of the foci. This therefore is the closest approximation 
to the law of attraction which has as yet been attained. The same law will be found to exist with 
reference to a body moving on the arc of a parabola, the centre of attraction being situated in the 
focus, which can oe shown as follows; — 

Let C, Fig. 3349, be the focus of the parabola A M ; A the vertex. The perpendicular « to (he 
tangent at Uie point M is a mean proportional between 
the distance y from the focus to that point, and the dis- 
tance C A from the focus to the vertex. Take C A = a, 

a.y = t^j ij a,y — 8, Substituting this value for s in the 
equation « « = c </, we have r . a/ (a y) = c . a. A C is per- 
pendicular to the tangent at the vertex ; therefore a = d, 

C* CI 

r . ^ (a y) = c. a, t* = — ^ , Differentiating, 

if 

<^a,dy 



v.dv = — 



2y» 



— o.rfc = 



c^a.dy 
"27" 




i^a.dy c^.a 1 

If the earth was perfectly spherical the directions of gravity would all concur at its centre. 
Therefore, considering the earth as a sphere and applying the laws of attraction founded upon 
astronomical observations, we might suppose that the foroe of gravity with reference to bodies near 
the surface of the earth acts upon lines tending towards such central point with an intensity vary- 
ing inversely as the square of the distance from the centre of attraction. That this is the true law 
of attraction, so far as up to the present time human reason can recognize it, seems to be generally 
admitted by all writers upon the science of gunnery. But it seems to be thought that the working 
out of the problems involved in such a law in all their integrity, so as to bring them within the 
scope of practical utility, would require the conmiand of a calculus more powerful than any we are 
at present in possession of. Therefore, in order to bring the subject within the grasp of compara- 
tively easy calculation, we suppose ; — 

1st. That the lines of action of the force of gravity, instead of all tending to^ common point at 
the centre df the earth, are all parallel to each other. 

2nd. That within the space above the surface of the earth which we have to consider with 
reference to the motion of projectiles, we may dispense with a scrupulous adherence to the esta- 
blished laws of gravity. 

In order to justify ounelves in these suppositions we endeavour to define the limits of error 
incurred as follows ; — 

And first as to the parallelism of the lines of action of the attractive foroe. 

Taking the radius of the earth at 3965, nearly, miles, 6978400 yds. ; the length of one minute 
of a degree to such a radius would be over 2000 yds. A mile is only 1760 yds. ; therefore within 
a lateral range of one mile the limit of error involved in considering the lines of attraction parallel 
instead of tending to a common point would be within one minute of a degree. As the centre of 
attraction is more and more removed from any points under consideration, the more will the lines 
of action of the attracting force tend towards parallelism. Conseouentiy, considering the lines 
parallel is tantamount to considering the centre of attraction removea to an infinite distanoe. 

We have assumed the distanoe of one mile as the lateral space necessary to consider with refer- 
ence to the motion of projectiles, in our first supposition, ana in the second we shall consider the 
same vertical distance as being far beyond the greatest height which can be reached by the trajec- 
tory of projectiles propelled by any human contrivance as yet discovered. 

Taking the radius of the earth at 3965 miles, and assuming that the power of attraction is 
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inver^ly pToporiion&l to the squftre of the distanoe from the centre, (8966)* — (3965)' will lepre- 
eent the differenoe in the intenBity of the force at the surface of the earth and at a mile above it, 
(d966)S - (3965)* = 7931, (3965)> = 15721000, the thousandth part of which is 15721. The 
half of this is 7861. If therefore we take / = (3965)* as the representatiye of the attractive force 
at the surface of the earth, the difference in the intensity of the force at the surface and a point 
one mile above it may be expressed by the number 7931, which is very little in excess of 
7861=T,fe„/. 

The suppoeitum founded upon this reasoning is that we may assume the force of gravity (which 
is the name given to the attracting force) either as constant or as influenced by any law we please, 
or both, first one and then the other, for the vertical space of one mile above the surface of the 
earth ; and that the limit of the error thus incurred will be the ,^ part of the intensity of the 
force of attraction at the surface. 

This mode of reasoning is very plausible, and would be conclusive if we had to deal with any 
of the palpable material subjects familiar to our daily experiences, for the -^^ part of anything is 
in most cases a very small matter, and may be generally neglected without producing any sensible 
error in practice. But we have now to d^ with a very subtle mysterious power, of the essence of 
which we know next to nothing ; we approach those dark limits which circumscribe the action 
of the human intellect, and we ought therefore to feel our way very carefully as we proceed. So 
long as we have only to deal with ratios and comparisons, we are tolerably safe in drawing infer- 
ences, but we think it is very questionable whether we are justified in assuming that the neglect of 
the T^ part of the entire force of gravity at the surface of the earth will produce no sensible 
error m calculation, when at the same time we can form only a very vague conception of what the 
intensity of that force is, and if so, here at the very outset of our investigations is a most prolifio 
source of error. Up to the present time, however, the subject has not l^en considered from this 
point of view ; on tne contrary, it has been taken as a fact, established by conclusive reasoning, 
that we may, within the limits assigned, assume almost any latitude in dealing with the force of 
navity when applied to the theory of projectiles. And with this understanding we proceed to 
frame what are commonly called the laws of gravity. 

Most people who have not closely considered the subject will bounder the impression that there 
is no difficulty whatever in forming a perfectly clear ana defined conception of the continued action 
of any given force. But when we come to analysis, reasoning, and calculation, we find that the 
only means we have of dealing with the matter is to consider that the force acts by successive 
impulses or solicitations, eaual or otherwise, as the case may be, at the commencement or the end 
of very small equal intervals of time or of space measured on the line of action of the force. 

If we take a to represent the small unit of time, and 6 the small unit of space, we must in the first 
place find an expression for the initial intensity of the force by supposing that it is such as to cause 
a particle of matter to move upon the line of action of the force through the space A 6 during the 
unit of time a, or else that it is such as to cause the particle to move on the same line over the unit 
of space 6 during the time A a, the coefficient A being a quantity determined by experiment or 
otherwise. For mstance, assuming the law which seems to be received as the true law of attraction^ 
namely, that the intensity of the force varies inversely as the square of the distance from the centre 
of force, and supposing that during the first unit of time, which is usually taken at one second, 
d represents the distance passed over by a particle of matter, in consequence of the initial solicita- 
tion of the force, cP will evidently express the intensity of the force at the termination of the first 
second. If the particle were subject to the influence of this force alone, it would evidently descend 
during the next second, with a uniform velocity, a distance = d* ; but during its descent it is sub- 
jected to d* solicitations, each successively equaJ to the square of that immediately preceding it. 
The distance will therefore be expressed by d*+ (/■•■ + <!«•«•« .... d^-« + cf**, a series, the ex- 
ponents of the consecutive terms of which form a geometrical series of which the first term and the 
common ratio are 2 and the number of terms of the series d*. 

The expression for the distance corresponding to each of the succeeding seconds will evidently 
be a series of the same form, the last term of each series being taken for the first term, as well as 
for the number of terms of the succeeding series. The sum of all the series will express the 
distance actually descended in any given time, the time t expressing the number of series. If we 
should suppose the intensity of the attractive force to be inversely as the distance from the centre 
of force, taking d as before to represent the distance passed over during the first second, the inten- 
sity of the force at the end of the first second will evidently be represented by 2 . cf; the particle of 
matter under the influence of this force alone would evidently descend a distanoe equal 2 . (/, but 
during the descent it will be subjected to two solicitations of gravity each separately equal to d^ 
Therefore at the end of the second second the force will be represented by 4.<f ; at the end of the 

third second by 16. d, &c. Therefore d + 2*.d + 2*-*.d 2*-".d+2'.d, a series of which 

the exponents of the coefficients of the terms form a geometrical series of which the first term and 
the common ratio are 2, and the number of terms t will express the distance descended by a particle 
of matter during the time t 

In framing tne laws of gravity this latter supposition seems to have been to a certain extent 
adopted, for we are told that during the first second of descent d becomes 2 dy and is then called a. 
This is so far intelligible, but what follows is, to say the least of it, rather startling, and a little 
difficult to be understood, for d expires in giving birth to </, and this posthumous offspring is not 
onlv twice as big as his progenitor, but he appears to be endowed with the most extraordinary 
and supernatural powers, for he has a capability of generating a constantly increasing velocity, 
which ought to be simply an exponent of his own increase, but wonderful to relate, g never alters. 
He goes down to infinitv for the purpose of settling some small matters relative to tenninal velocity 
(of which we shall speaik presently), and comes up again quite unchanged ; he is employed to solve 
complicated problems witn reference to variably accelerated or retarded velocity ; he is blown up 
by gunpowder, forced into steam boilers, up and down funnels, through fire and water, but is not 
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in the Bllghteet degroe affected by all then viciiisitades. Whenever we eome oczoaa him we find 
him placidly and systematicaUy doing his duty as the representativo of the foxoe of gravity— in all 
places and at all times the old familiar g^ exactly as he appeared at his birth. 

The fact of a heavy body being suspended in space without any support, and being in a state 
of rest, and then commencing suddenly to descend by the influence of an initial force which is 
equal to nothing, may be a conception easily fonned in a well-trained mathematical mind, but to 
the uninitiated it is a little difficult of comprehension. 

In order to illustrate ns clearly as possible the method adopted of deducing the laws of gravity, 
we shall return to the language of the differential and integ^ral calculus, taking again the expres- 
sions already established, dv=fdtj ds^zv.dt, but supposing the generating power or force of 
gravity which is represented by / to be constant and invariable. Integrating cf v = /.df, we get 

..,.,!?. .........,.,.,.«^. = ../...=/...=,.,.. = V. 

/*<■ s 0* a: 2/1, /<' = 2«, ~ =i/ = ~,2.«s9^. From the equstioBB thus est&bllshed, WO draw 

the following conclusions: — Ist. From o =/. < we assume that the velocity acquired by a body 
falling freely from a state of rest, and being acted upon by gravity alone, is proportional to the 
time elapsed. 2nd. From o' = 2/.s we assume that the spaces described in the descent are 
proportional to the squares of the velocities: or by/<' = 2.< to the aquazes of the times; or by 
2.S = vtio the times and velocities conjointly. 

Comparing the two equations, § = t.v and 2 . a s < v, the first being referred to unifonn velocity 
and the second being supposed to refer to accelerated velocity, the following inference is drawn. 
The space described uniformly with the velocity acquired by a body falling fireely from a state of 
rest is double the space described by the body while generating such velocity. This is the founda- 
tion upon which a very complicated structure is raided, elaborate tables of reference are compiled, 
and the changes are rung upon all the various combinations of the quantities of space, time, and 
velocity, in all of which g plays his invariable part a# the representative of gravity and unalterable 
sameness. 

We have given the above few simple differential expressions as illustrating most easily the course 
followed in constructing the laws of gravity, but the matter is generally explained by a much 
more elaborate process. We shall now make a few remarks upon this mode of deducing the la^* 
of gravity 

The effects of gravity are represented by supposing that the force acts bv equal solicitations, at 
the end of equal intervals of time called seconds ; it haf been proved that tne action of the force is 
inversely proportional to the square of the distance from the centre of attraction. It would there- 
fore seem that the above supposition was as far from the truth as the parabolic curve is stated to 
be from the true trajectory of a projectile. The intensity of the initial solicitation of the force, 
and consequently its exponent velocity, are exhibited fupon the supposition that it may be con- 
sidered constant within assigned limits) with reference to units of time and space as follows. The 
number of feet descended by a particle of matter during one second of time is in the first instance 
supposed to be ascertained by accurate experiments with the pendulum, Ac, (and of the accuracy 
of these exneriments wo shall speak presently); this, which thus becomes a known quantity, 
is expressed hy d, d is at first supposed to represent the value of each of the solicitations 
which are supposed to take place at the end of ea<!^ succeeding second, for we find that at 
the end of the first second d becomes 2.d^ and is called g, which evidently represents the 
intensity of the force generated by or resulting from two successive solicitations. In acoordunce 
with this assumption, at the end of the second second, three equal solicitations would liave 
taken place ; and consequently the resulting force and its exponent velocity would be expreased 
by B.d. But it is not so; ^ is now taken to represent the value of the successive solicitations. 
Although we may have implicit faith in the accuracy of the experiment which introduced 
d to our notice, g evidently owes his existence to an arbitrary assumption which, although supposed 
to oe admissible within assigned limits, is proved to be very far from the truth. I think, tnere- 
fore, there is at least room for doubt whether g should be at once unhesitatingly recognized as the 
legitimate representative and successor of d. It would appear to be quite allowable to form a series 
according to a certain law, and having ascertained the value, reject the first term upon the 
anpposition that the terms were so smallindividually that the neglect of one would in the aggre- 
gate produce no sensible error. But in the present instance we have not only done 'this, but we 
have altered the value of what ought to be the constant increment by substituting g for d. This 
little sin against fair logical reasoning is glossed over and concealed by ingenious illustrations 
and high-sounding terms specially framed and adapted for the confusion of useful knowledge; 
and it seems to be expected that the illegitimacy of /s birth will be eondoned upon the ground of 
fais being so very small ; but we are afraid this sm against gravity, like all other sins, will be found 
to bear its fruits, and that something else besides the atmosphere is to be blamed, when we find our 
theory and practical experiences so very divergent. 

The assumption that the spaces described by a falling oody in its descent are pro^rtional to 
the squares of the times is founded upon the supposition that we are justified in considering the 
generating power or force of gravity, which is represented by / in the expressions involving space, 
time, and velocity, as constant : but it seems absurd to suppose that we can separate the essence of 
anything horn the exponent that marks its existence, ana consider that one varies while the other 
does not. The laws of gravity now extant, whether fallible or infallible, are evidentiy dependent 
upon the accuracy of the experiment by means of which wo are supposed to have ascertained the 
space described by a descending body during one second of time. We shall therefore now say a few 
words on this subject. 

If the circumference of a circle be rolled on a right line, beginning at any point A, the move- 
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ment being continued till the snmo point A arrives at the Hue again, maVing just one revolution, 
and thereby measuring out a straight line ABA, Fig. 3:^ ciiual to the oircnmferenee of the 
circle, while the point A in the circumference traoias out a curve line AGV C A; the curve thus 
tnu>ed is called the oonmum cycloid ; the line A A is called the base ; Y the vertex ; Y B the axis; 
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and the elrde by the rotatory motion of which the onrre is described, Is called the generating cirde. 
There are several properties belonging to the species of cydoidal curve called the common cycloid ; 
but we shall only s^wak of those which immediately rdate to the experiment under consideration. 
>U the generating circle rolls along the base of the cycloid, the describing point has two motions ; 
first a progressive motion in a direction parallel to the base B B', Fig. 8351, and secondly, a motion 
of rotation round the centre of the generating ciicle. These motions are equal, for, in the time of 
one revolution of the generating circle, the describing point moves by its progreasive motion 
through the space B B , while by its motion of rotation, it moves through a spuse equal to the 
circumference of the circle. Suppose the circle to roll from the position A in which the describing 
point P coincides with the vertex of the cydoid, to the position L in which the describing point has 
moved to F, when the point which was at A will be now at A' ; the distance L A will then be 
eoual to the arc L A' of the cirde, since that arc has rolled over L A. The point P', in cr>n8equence 
of the two equable motions already explained, one in the horizontal direction F N parallel to A B, 
and tiie other in the direction of the tangent to the generating drde P' T at the point P", will have 
an actual motion in a direction eaually inclined to each of these lines. Tlie direction of the curve 
at P', or, what is the same, the airection of a tangent to the curve at that point, will therefore be 
represented by a line bisecting the angle N F T, and this line will be the continuation of the 
chord of the arc of the generating circle between P' and the highest point O ; for if L P' be drawn 
the angle O F M will be eo ual to the angle O L F, on account of the similarity of the triangles O Q F 
and OFL. The angle OPT' will also be equal to the angle O LF in the opposite segment of 
the cirde : therefore the angle O P' T will be equal to the angle O F Q, or, whiat is the same, the 
angle N F B will be equal to the angle TP'B. The line 
O P' B therefore bisects the ansle T P^N, and is therefore a 8353. 

tangent to the cycloid at F. Since the arcs A P" and L P' 
are equal, and also the arcs PF' and OP', the lines AP" 
and L F are equal and parallel, and the lines P F' and 
O F are likewise equal and parallel. The tangent at P' 
is therefore paralld to the corresnonding choid P" P of the 
generating cirde on the axis. Tne direction of motion in 
any point of a curve is always in the tangent at that point ; 
consequently, if the motion with which any point m. Fig. 
8352, airives at M was to become uniformjthe point m would 
proceed in the dir^ion of the tangent T M, therefore the 
directions of the motion in the abscissa A P, oardinate P M, 
and curve being in the sub-tangent T P, ordinate P M, and 
tangent TM. The differentials of the abscissa, ordinate, 
and curve may be represented by the three sides of the tri- 
angle TPM, or by the corresponding sides of any similar 
triangle. 

Draw MP, Fig. 8853, perpendicular to the diameter LT 
of the generating drde. Take L T = a, T P = x, the chord 
TM =!>, andthe arc AM = ;r. 




TM:TL::TP:TM, p 

j).<f« = adx. 



• « 



dx : dz. 




TL : TM :: tm : tp, aipiipix. 

ax^^^ a.dx^2p.dpf p,dM ^a.dxss 2j>.<lj>, dg = 2<fp, m = 2p. 

Take a to represent the diameter B A, Fig. 3354, of the generating circle, and let A P = y. 
Upon the supposition that the lines of action of the gravitating force are parallel to the axis and 

perpendicular to the base of the cycloid, dx Idy ::f: ^/. Substituting thtsyalue for/ in the 
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equation dv = fdL dv= -J^»f>dL . *, = dt = — , v,dv=f,dy; and because in this case 
^ ' ' dz '' J.dy V 

V increases as y diminishes, v.dvss ^^f.dy. If we take d to represent the height fallen through 
in a second, we must, according to the coDTentional rule, 
take 2 d to express the uniform velocity equal to the velo- 
city generated by falling through the height d ; therefore 
in the equation v,dv= —f.dy we are told that we must 
substitute 2d for / in order to obtain tne actual value 
of d in known terms. The equation therefore becomes 
V . (1 = — 2 d . dy. But this is in reality nothing more 
than our old friend g, who seems to be always turning up, 
like the clown in a pantomime, in some new disguise, and 
it is only by treating him differentially that we can detect 
him. However, ho is here engaged in fulfilling a sacred 
duty, for he is on his way to search for the remains of his 
deceased parent </, who it will be recollected disappeared in 
such a mysterious manner at the commencement of ^'s career. 
Integrating V. do = — 2cf.dy,wegeto* = C — 4.(/.y. When 
y = a, 9 = ; therefore = 4 . a . cf, and the corrected inte- 
gral is c' = 4.a.</ — 4.d.y, » = 2 V(<'»<'— ^'•^)' 
Take p to represent the chord A N, 



o.(/.v 




AP : AN :: AN : ab, y\pi:p:a. 

Substituting the values just found for e and dz in the equation dxr = o . cf t, we get 
Divide both sides of the equation by 2 V (^ - -) » 

2V(«y-y') ^ J 2V(«y-y*) 

to diameter a. When s/ = 0, versin.- ' y expresses \ the circumference of the circle, and t the time 
of descent through half the cycloid. Take c to represent versin.- ' to diameter a, c=^t{a, d). 
Take t = }", and consequently the time in the entire arc one second, c = i V (^-^O* ^ = i (<>«<')k 
4 c^ 4 c' 4 c^ 

— = d\ which may be put under the form — ^ a = d, — g- = »*, »•. a = d 

Take AM = x, P M = y, Fig. 8354, QN = 2a, aroNP=:6, 

d; = AM = AN — NM=0 — sin. B = versin.-* y — ^(2ay — y^), 



verBm.-'y 



the general expression for the normal is y V 1^ + ( j^J 



f* = /-=?= ^^y \dy = ~— ^ dy, 

V2ay-y« M/2ay^y*) y*(2a-y)* 



dx 

dy 



i 



C2a-y)i 



dy _ (2 g — yy (djfY_2a — y 
dx^ h 



(dyy_ 2a-y fdyy_ 2a 
\dx}- y ' ^"*"Vd^;-y 

An expression for the radius of curvature is ^ "^ ^^ ; when » = — and a = — 

^ '^ dx ^ <f«« 
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y 

2 5* 



i J 



dx y 



Substituting value for *, ^ = - 2y + ^a-2y ^^ _ _ 



2y 



i 



4a 



2y + 2z 

4 y *' y» 



tfx 



4y(2a — y)*y* 



4y*(2a-y)* 



dy; but 



rfy=: 



(2a-y)* 
J 



dx. 



Bttbfitituting thlB value for dy, -r^ = ^ ^d x, ^ = — ^ s g. Bubnti- 
" *» yi« yt 'dx* y* 



dx 




n+pi^i (2a^* V* All * 

tuting these values, ^ ^^^ = ^-y- • — = 2* a*y» = 2 V 2rt y. Taking R to represent the 

^ y* " 

radius of curvature and N the nqnna], wo have R = 2/v/2ay, K = \/2ay; therefore it is evident 
that in this ourve the radius of curvature is equal to twice the normal ; th^efore at the vertex the 
radius of curvature is equal to twice the diameter of the generating circle. 

The involute of a semi-cycloid A O U, Fig. 3355, is an equal semi-cycloid U P Y in an opposite 
direction, the extremity of the base of the latter being in contact with the vertex of the former. 
From any point O draw O B parallel to A G, cutting the venerating 
circle in F, and join F U ; draw O P a taneent to the cycloid in O, and 
at £ the point where it cuts the line U Is, drawn from U, parallel to 
G A let fall ED perpendicular to UN and equal to G U. with £D 
as a diameter describe a circle intersecting tne tangent O P in some 
point P. O E is equal and parallel to F U, p. 1749. O F is equal to 
the arc F tf U. The circles G F U and D P £ are equal by construc- 
tion. The angles F U £» U £ P are also equal, the chord being 
parallel to the tangent. The chords FU and £P are therefore 
equal, and as the angles they make with the common tangent to the 
circles at U and E are equal, the arcs F « U and P n £ subtend equal 
angles, and are therefore equal. F O £ U is a parallelogram, there- 
fore U £ is equal to F O. fiut FeViB equal to F O, therefore P n E 
is equal to U£. If the circle E P B had been placed on the line U N 
at U, and had rolled from U to E, the are disengaged would have been equal to U E, and the 
point which waa in contact with U would be at P in the periphery of a semi-cycloid U P V equal 
to A O U ; the base line U N of the one being equal and parallel to the base line G A of the other ; 
also the axis N Y of the one equal and parallel to the axis G U of the other. And since the same 
may be shown to obtain with respect to any other point whatever in the ore A O U, the cycloid 
U P V is the involute of A O U. 

To construct a pmduium which ahaU oacittate in any given cycloid whose base is parallel to the horizon, 
— ^Let Y N represent the axis of the cycloid and diameter of the generating circle. Produce Y N 
till Y A equals 2 . Y N. Through A <iraw a line A G parallel to N U, the semi-base of the given 
cycloid; then on A O as a semi-base with axis A N describe a semi-cycloid A O U. and in like 
manner describe another semi-cycloid turned the contrary way. Then if a pendulum oe suspended 
by a flexible string to the point A, the length of the string lieing exactly equal to the line A Y or 
arc A O U, which from the nature of the ourve are eqaal to each other, the pendulum oscillating 
in the plane of the cycloids will in its motion come alternately into contact with the cydoidal 
cheek A O U and the one correnwnding to it on the opposite side of the lino A Y, and will 
describe the cycloid of which N Y is the axis and N U the semi-base. 

The length of a cydoidal pendulum vibrating seconds in any given latitude being ascertained, 
it will be evident that the diameter of the generating circle ia also known, and therefore the 
quantity a in the equation jfl,a = d becomes a known quantity. The properties of the cydoid 
with reference to the vibrations of the pendulum are demonstrated upon the supposition that the 
whole mass of the pendulum is concentrated in a single point, but tnis cannot oe assumed with 
reference to an v vibrating body, for the centre of oscillation will not occupy the same place for any 
two points in the arc of vibration. This therefore in practice is a source of error. 

Much time and trouble appear to have been expended in demonstrating the properties of the 
Isochrone. The name of this curve alone impresses one with a sort of reverence, and the investi- 
gations connected with the vibrations of penaulums and consequent determination of the force of 
gravity are highly interesting, and would no doubt have been found practically applicable, but for 
one slight drawback, — ^it was found that the exceedingly ingenious instnunent by means of which 
the experiments were to be performed could not be made. Tne diflQculties involved in the construc- 
tion were so great that sufficient accuracy and durability could not be attained to render it prac- 
ticably serviceable. All thoughts of making use of the cydoidal pendulum seem therefore to nave 
been abandoned, and the theoretical demonstrations appear to have been placed o& the same shelf 
with those well-known abstruse and ingenious investigations rdative to the motion of projectiles 
in vacuo. 

Having found out that the cydoidal pendulum would not do, we immediately turn to our old 
oontrivance, based upon what ought now to be admitted as an axiom, namely, that all things 
which are yeary little are equal to each other, and that there is no difference to speak of between 
any of them. Upon the strongth of this reasoning we invest the pendulum oscillating in a circular 
an with aU the propertiei of the cydoidal pendulum, upon the understandhig thut the aice of 
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vibration are to be very small. That we are justified in doing this ia sappoeed to be proved as 
follows .—Let UY W, Fig. 8356, be the cycloid in which a body is supposed to oscillate. 




the tangent being parallel to the chord; or again, by similar triangles, as Y N : Y Q. In liko 
mannar, taking any other pomt S in the carve, the fozoe of gravity is to the force in the carve as 
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YB : Y I or YN : YB. Therefbro the aooelerative force at different points T.8 of the curve 
varies as the corresponding chords Y Q . Y B of the generating cirde, or as the portions Y T . Y 8 
of the carve measuring from the vertex, sach portions of the curve being respectively double the 
corresponding chords. Therefore a body moving in a cydoidal arc is attracted by a force which 
varies directly as its distance firom the lowest point Y. we have therefore now to find expressions 
for the velocity and time under these circumstances. Let P, Fig. 8357, be the point from which a 
particle of matter commences its motion; take PO = a, its distance from the centre of force; let 
V = the velocity at any variable distance, A = s, and take / to represent the force at some given 
distance / from O, compared with a unit of force which we will represent by m. As the Inten* 
sity of the attractive force is directly proportional to the distance from the centre of force, 

/:«::/: ^; therelbre ^Ussi expression for the fbioe at the variable distance t compared with 
unity, and ' when measured by m. Substituting this value for / in the equation v,dvs=f,dif 



we have o .cfo = -p i.ds; or,siDoe v increases as « diminishes, v,dv = — -^ ' •^'* Integrating, 

ii^=-^^ + 0. When« = 0,# = a; 0=s-^«" + 0; = ^a«. The corrected integnd is 

therefore «« = ^{a«-«»}, c = \/|^ (a* - «*)J . In the quadrant P D B described 

from centre C with radius C P, the ordinate A D = V(C) ^ - A*) = V(a> - a*); therefore 

V = A D "Yii ^^ which we deduce the following ;— The velocity corresponding to any space 

P A is proportional to the sine A D of the arc answering to the versed sine P A to radius C P. 
To find an expression for ih^ time. — Taking the expression dsTzv.dtj which, as the velocity 

increases as the space diminishes, becomes — €f « = «.«f<, = <f < = \/ — - -t—t r- . 

Take z to represent the arc P D, 



sin. « : B :: d,coB,z I dZf 
V(a' — «^ : a :: — da : dz. 

Therefore <f « = ~ . \/-^ . Integrating, i = - \^—, 

a tn,f a tn,f 



^ds 



PD . / / 



dz 
a 



when A C = 0, « = 



PDB 



^/' =j.V- 



_,^ V-^ ;forwhen«=0,«=0; 
PU m./ ' 

This is therefore an expression for the time in 



PO " m./ ■" ' m.f 

a seml-cycloidal arc, and w V — z for the full arc of vibration. / being the length of the semi-arc 

of vibration, and consequently the length of the pendulum ; / being the representative of the force at 
a given distance / from the centre of force, and m being the representative of the unit of force, 

'V — ; is assumed as constant, the coefficient } ir is also constant; therefore t is constant for all 

the variable arcs represented by s. And this is supposed to prove the isochronism of vibration in 
the curve, mf expresses the intensity of force at the vertical point of the curve, which causes the 
pendulum to descend along the curve estimated at a distance from the centre of force = /, the 
length of the line of descent ; but when referred to the descent through the length of the pendulum 
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from the point of Tibration to the vertex, we must call it 2/, aooordiDg to the conyentional rule, 
therefore the time of vibration = ir ~ • 

We shall now find an expression for the time in the arc of vibration of the circular pendulum, 
in order to compare it with the expression first found, and thus ascertain the limit of the error 
involved in substituting the circular for the cydoidal pendulum. But we are sorry to say that m ./ 
will turn out to be our old friend ^ in a perfectly new disguise, for there is something mean 
in his insinuating himself into an experiment intended to 
test his own value. 

Let M A m. Fig. 8358, be the circular arc in which a 
pendulum oscUlates. Take the radius or length of the 
pendulum GM = ^ AE=6, Ap=sx, p.o = y, and the 
variable arc = «. .The velocity acquired by falling 
through the arc Mo is eaual to the velocity due to the 
vertical distance Ep. Taking the euuation 2/s = v^ we 
have V(2 / • *) = ^' Substituting E p = (6 — *) for a, M 

V { 2/(6 -x) } = «; but ds = ».(*«, — = di, Substi- 



ds 




=:d«. 




tutingvalueforr,-^2^^^_^jj 

The difierential of an arc of a curve considered as a function of the ordinates of its extremities 
is expressed by d« = V (^'y* + <'^)l ^ *^® present case y = (2 /x - a:*)*, 






P.dx* 



l,da 



/*->2/g + ar« + 2/x — g« 
(2/« — ««) 

l.dx 



da^ 



= (27i:rii)' ^W+^^ = 7(27F::^)' ^' = 7(2^rrP)' 



-^Idx 



and because s diminishes as the time augments, «f » = --jj^ ix-^x') ' ^*^**^*^*"^^ *^ VBlue in 

piession for the time it only remains to integrate the first term of the above equation, 

-^l.dx 



^2/(6 — x). (2 /* — «•) 
Therefore the expression becomes 



2lx — x* 
, (6 — x)x = 6.* — X*, = 2/ — X. 



/ 



— dx 



— dx 



(2/-X)-*, 



V2/ V(«'*-^)(2'-«) V2/ V(^*-^ 
(2/-X) » = 2/ *(l-27) * = 2' *{l + 227+2:iili + 2X687«" •/• 

V2/(6-x).(2/x-x2)"2^ 2/" VC^*-**)^ ■*"2 2/'^2.4'4/«'"7' 
The question therefore resolves itself into the integration of a series of terms of the form 

rr- = - . versin.- * x to radius a. 

VC2ax-x*) a 

r_^^dx__ Ca.dx^xdx ' dj_.^_^Cdjc_^^^ 

J V(2a*-«") J V(2ax-x«)^''j Vi.-i*^*-*') JVC2ax-x«) 

f ^If = /'a;*(2a-x)-*dx = 2x*.V(2a-x) + 3/x*.V(2a-«)<'*, 



Multiply and divide by x* (2 a - x)* = 



but X* ^(2 a — x) rfx. 
2.a.x.dx 



x*dx 



V(2ax-x») V(2a*-'*)' 
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^-ll^-— = 2a:(2aa:-«*) + 3.2.a -jrr "i^-S -rr^ ^r, 

I f /^^"^ _, =2x(2ax-:g0 + 3.2.a {—^'—-, 

r_^L£' -/,*.(2a-*)-*.cfx = 2x*V(2a-x) + 5/x»V(2a-«)(f», 

but X* V(2 a — x) i' *. 



, . 4 .>« V Zax'.dx x*ax 

Multiply aud diyide by x« V(2 a - x) = ^^^^^^^^ - ^(2ax~x«) ' 

Ja*dx r X^.dx ^ r S^.dx 
=--^^-^ = 2xV(2a«-«*) + 5.2.a l -jj- ZT: - ^ \ -JToTZ ;3a» 
V(2ax-x») ^"^ ^^ JV(2a*-^) J V(2a«-«*) 

r ^-^^ =2xV(2ax-x») + 5.2.a f ,J*'^ --T^* 

J" x».<fx . ,,^ ,x . 5. 2. a r ^'^^ 



We find therefore that 



— ? =r -.versin.'-^xtoradiusa, \ —r;;: ^ =a/(2 a «—«*)+<' I ""77:5 r;T» 

V(2ax-x*) a* ^ J ^(20*-**) ^^ J V(2aar-x«) 

JV(2««-**) •*^^^* "^^^ 4 JV(2ax-x>)' 

V(27x"r^) = *'^'^^^^*"*^^ + -~r"J V(2ax-x')' 
ThlB will be sufficient to show the law of the series, and substituting 6 for 2 a, we have 

Jdx 2 . , . ,. 6 r xdx ,,^ ,x * r ^* 
= - versm.-' x to radius - * I —. = tJ(h x — x'^ + — I 1 






x*cfx 



V(6x-x») 

It will be evident that at the commencement of the arc of vibration the time must equal 0, 

/dx 
-— -— = », for B — 006. = versin., cos. 18(P = — 1. 



B =1 

000. 180 = - 1 

♦ 2 = versin. ISO^. 

2 h 

- versin.^ ' 6 to radius ^ = *"» 

A 



V(ft* -«»)■' 2 ''' J tJd^x^a*) 2.4 ''• J V(**-«*)" 2.4.6 *' 
It will be evident that when x = 6 all terms oontaining (6x — x*} as a £Mtor vanish. 
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It will thereforo be evident that integrating between x = b and x = 0, and substituting the 
values of the above integrals in the series, i \/ — "" " * r. . l a? . 



get«=l.\/2^{l + g 



b 1».8« 



2 

4/« 



2fJ(bx 






+ 2- 



2/ ' 2.4 






we 



' O " * 'I ' '^^ expresses the time of 



2*. 4a. 69 
descent through half the arc of vibration, but with the velocity acquired during the descent the 
pendulum would proceed along an equal branch of the curve, its velocity being supposed to bo 
extinguished after a lapse of time equal to the time of descent ; therefore the time of a complete 

vibration wiU be expre«ed by « = - v' j^ {l + ji • 37 + PT* 4P + 2*1^^ " 87? ' " ' 7 " 

Therefore, upon the supposition that the time of vibration in the oycloidal arc is expressed by 

i = r . \/^, it will appear that the error incurred by substituting the circular for the cycloidal 
2/ 

pendulum is expressed by a series of the powers of the versin. of the same angular value as tlie arc of 
vibration, having unity for its radius. It is argued that as the versines of small angles are exceed- 
ingly minute, the series will converge rapidly, and the error may be neglected in practice ; or at 
least all the terms but the first or seoona may be neglected, and corrections apphed accordingly. 
Assuming therefore that the circular pendulum may be substituted for the cycloidal pendulum, 
without producing sensible error, ana taking the equation ir'.a = (/, 3*14159' = «-' = 9*8696, 
9*8696 a = d. It has been found by experiment that the length of a pendulum vibrating seconds 
in the latitude of London = 39*125. The length of the cycloidal pendulum is equal to twice the 
diameter of the generatmg circle, therefore 39 * 125 = 2 . a, 19 * 562 = a, 9 * 8696 x 19 * 562 = 193 * 0623, 
193*0623 in. = 16*088 ft. It will therefore be evident that the value given to (/, from which the 
value of a is supposed to be derived, depends upon the length of a pendulum vibrating seconds iu 
a particular latitude, in a circular arc which is assumed to be a cycloidal arc, because it is very 
small, and this is to be ascertained by experiment. This is the experiment which is generally 
mysteriouslv alluded to in the following words ; — 

"It has been ascertained by accurate experimento with the pendulum and by other means, that 
in the latitude of London a heavy body falling freely from a state of rest will describe a space of 
16^ ft. during the first second of the descent, and will have generated a velocity of 32^ ft. 
a second," &o., &o. 

The method of determining the space descended during one second, said to have been suggested 
by Galileo by means of experimente with reference to the descent of bodies upon inclined plansa, 
in consequence of the friction on the planes lead to no practically useful results. 

The experiments made by means of Atwood's machine, a description of which will be found 
p. 7, are not suflBciently accurate for practical purposes. 

We have gone into detaU with reference to the apparent mixture of reasoning and arbitrary 
assumption upon which the laws of gravitv seem to be founded, for it is upon the validity of these 
laws that the whole theory of gunnery as it now stands depends. If there is a fiaw in this line of 
argument we should fail m arriving at practically useful results, even though we should be suc- 
cessful in determining accurately the law of resistance of the air to a body moving through it, to which 
point alone attention appears to be at present directed. We shall now exhibit as shortly as possible 
the most important of the principles which are supposed to constitute the present system of gunnery. 

If a body be projected with a given velocity in a given direction from any given point of 
departure, it is considered that the body, if uninfluenced by any disturbing force, will proceed 
continually in the given direction with a uniform velocity eaual to the initial velocity originally 
impressed upon it. The velocity being uniform, the spaces aescribed on the line of direction will 
be proportional to the times. According to the conventional rule, the spaces described by a heavy 
body subject to the attractive force of gravity upon a lino 
perpendicular to the horizon are proportional to the squares 
of the times. Admitting the above statements as true, 
and combining them togetner, we are in a position to define 
the curve of trajectory 

Amongst the properties of the common parabola we 
find the following; — 1. The ordinates to all diameters are 
parallel to the tangent at the vertex. 2. The abscisses, 
are proportional to the squares of the semi-ordinates. 

if therefore we take I^ B a diameter of any parabola, 
of which A, Fig. 8359, is the vertex, AG the axis, FD 
the directrix, s the focus, ap* : a'p** :: Pa : Pa'; and 
completing the pandlelograms we have 

Pm* : Pm'' :: mp : mj>. 

If therefore we take Pm and Pm' to represent the spaces 

which would bo described with a uniform Telocity on the 

tangential line during any given times of the transit i and 

l^ymp and m'p' will evidently represent the spaces due to 

the action of gravity during the same time ; thereforo p 

and p' will represent the position of the proieotile at the 

end of the times i and ^, and as this will hold good for all 

distances which may be sissumed on the tangential line, we conclude that the trajectory of the 

projectile, when subject only to the influence of the propelling force and the force of gravity, is the 

parabolic curve. 
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AoooTding to the laws of gravity, a body in its descent through any vertical distance will gene- 
rate a velocity which, acting uniformly, would cause the same body to describe a distance equal to 
double the space descended in a time equal to the time of descent. The height due to any 
velocity is therefore taken as the exponent or measure of the initial velocity equid to the velocity 
generated. 

Take the vertical line C P to represent the height due to any given initial velocity. The hori- 
zontal line G G, Fig. 8360, through the point G at right angles to the line G F will be the directrix; 
the semicircle G UB described with radius G P from centre P will be the locus of the foci ; and 
the semi-ellipse G E P upon G P as conjugate axis, and of which the transverse is double the con- 
jugate, the locus of the vertices of all the parabols representing the trajectories of a projectile 
impressed with the given initial velocity at the point P whatever may be the original direction given 

■ 
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to the projectile. And, lastly, the paraboHo curve G S described with focus P, and directrix D F, 

vertex G, will be the locus of the extremities of the greatest ranges attained with the given inltiul 

velocity. These points are proved as follows ; — 

1. The horizontal line GO through the |joint G will be the directrix. Take P 6, Fig. 3361, 

to represent the tangential line of direction P o equal to G P, and complete the pajallelogram 

P&.Qo, GP = Po = 6Q; thei-efore P6 represents the space described in the tangential 

direction with a uniform velocity equal the initial velocity impressed in the time during 

which the initial velocity has been generated by the descent through G P = 6 Q. Therefore, 

according to the conventional rule, P6 = 2GP, Qo=2Po, Qo* = 4 Po* = 4 Po.G P, 

O 0* 
p = G P. Take P A Q to represent the curve of trajectory corresponding to the tangential 

direction P6, S the focus, A the vertex. Let ST be a perpendicular to the tangent P&, and 
join S P. It will be evident that tf it can be shown that B P is equal to G P (for which we have 
already obtained an expression), the proposition will be proved, as the perpendicular from the 
point P in the curve upon the horizontal line G G will be equal to the distance of the same point P 
from the focus, which is a property of the parabolic curve. 

The tangent at the vertex A is perpendicular to the axis A M, and tlie perpendicular from the 
focus S upon the tangent at the point P is a mean proportional between 8P and SA; therefore 
the right-angled triangles SPY and S A Y are similar. 

The right-angled triangles B A Y . S m Y are similar, having a common angle at Y. The right- 
angled triangles Sm Y . S Q O are similar, having a common angle at B. The right-angled triangles 
6 Q O . Q D are similar, having a common angle at Q ; therefore the triangles SPY and Q D o 
are similar, and Q r« : Q D« :: 8P* : fi Y«; but S Y« = BP. 8 A, .-. Qtj» : QD«:: SP : SA. 

The right-angled triangles Q D o and P M T are similar, the opposite angles o and T in the 
parallelogram P v T S being equal, therefore 

QD:D©::PM:MT 

::PM*: pm.mt. 

Substituting 4 A S . A M for PM*, and 2 AM for MT, we have 

QD:Do::4AS.AH:PM.2AM 

::4AS :2PM; 

therefore 4 AS. Dc = 2PM. QD. PM* = 4AS.AM, QN» = 4AS.AN. 

PM«-QN« = 4AS.AM-4AS.AN = 4AB(AM-AN) = 4AS.MN = 4AS.DP, 

PM* - QN« = (PM + QN) (PM - QN), but PM + QK = Q D; 

.-. PM«-.QN« = (PM-QN)QD. 

4 A 8. DP = PM* - QN« = (PM- QN) QD, 4 AS. DP = (PM - QN) QD. 
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Subtraoting this equation from the equation 4AS.D0 = 2PM.QD9 

4Ae.Do = 2PM.QD 
4AS.DP=(PM--Qy)QD 

4AS.Pc = (PM + QN)QD = QD« 
4AS.Pi> = QD«. 

SubeUtuting this Talne for Q D' in the proportion Q o* : Q D* : : S P : S A, we have 

Q©«:4AS.Pi;::SP: AS, Qc« = 4 8P.P«, ^^ SP, CP = ,^ = P8: 

4Pt) 4P » 

therefore P = S P, and consequently the line C6 is the directrix of the parabola; .and as this 
will hold good whatever direction the tangential line P b may take, tlie proposition is prored. 

2. The semicircle C H B described with radius G B from centre P will be the locus of the foci. 
This follows OS a corollary to the former proposition ; for the foci being always at a distance from 
the point P in the curve equal to the perpendicular upon the directrix from the same point, the 
foci must necessarily lie in the periphery of the semicircle described with P as a centre and G P as 
rudius. 

3. The semi-ellipse G EP, Fig. 8362, upon GP as conjugate axis, and of which the transverse 
is double the conjugate, is the locus of the vertices; bisect G P in I, with I as centre and a distance 
equal G P as radius describe the semicircle K £ L. m'v : m'n' : : I G : I E : : 1 : 2, m' n' = 2in' v, 
/. m'© = on', mn = m'n\ mm' z= m'h^ /. m'n = 6n', m'c — m'n = vn' — 6n', nt» = r6; and as 
GG is the directrix and n the 
focus, V must evidently be the 
vertex; and as this will hold 
good for any other point in the 
periphery of tlie semicircle 
GHB) which may be assumed 
as the focus of the curve of 
trajectory, the proposition is 
proved. 

4. The parobolio curve G 8, 
Fig. 3363, described with focus 
P and directrix D F, vertex G, 
will be the locus of tlie extre- 
mities of the greatest ranges 
attained with the given initial 
velocitv. 

It has been already shown 
that the semicircle G m B de- 
scribed with G P as radius and 
P as centre is the locus of the 
foci of sll the parabolaa representing the trajectory of a piojectllo discharged from the point P 
with the initial velocity represented by the descent through G P. 

Let m be the focus of any one of uese paraboln ; join P m, and produce the connectine line to 
meet the parabola G8 in />, and draw py perpendicular to DF; then, as DF is the directrix 
and P the focns of the parabola G 8, P/> = pp* ; but Pm = P G -:= G D = p'm'; therefore 

Pp '^pm^pp' '-'p'm\ mp = p m\ 

Therefore, as it has been shown that G G is the directrix of the parabola of which m is the 
focus, p must be a point in the curve of that parabola; and since the tangent of such parabola as 
well as the tangent of the parabola G 8 at the common point p bisect the same angle rpp\ they 
must coincide. Gonsequently the two parabolie having a common tangent at the point p touon 
each other at that point; and as this is true for every noint in the semicircle GmB, it follows 
that the curves of all the trajectories of a projectile discharged with the given velocity from the 
point P will touch the concavity of the parabola G 8, and lie wholly within it No point without 
the parabola G 8 can be strook while the initial velocity remains unchanged ; for if the elevation 
be increased, the focns of the parabola which the body would describe will oe on the portion Om of 
the cirenmference of the semioirele G m B, and the trajectory will 
touch the parabola G 8 in some point between G and p, and being 
wholly witnin the parabola G 8, it must intersect the line Vp in 
some point nearer to the initial point P than p. If the elevation 
be diminished, the curve of trajectory wUl touch the parabola GS 
in some point below p, and will therefore intersect Pp in some 
point nearer to P than p. 

The times of describing any given portions Pp.pp' of the 
curve are as the correspondine parts Pm.mm', Fig. 3364, of 
the tangent or the intercepted parts G/ .//* of the directrix ; 
for according to the original supposition < . P p = f . P m and 
ipp' = imn^l and because the directrix cuts the three parallels 
P .p TO .p' m', Pm : m m' : : G/ : //. 8o far the subject may 
be most clearly illustrated under uie form of geometrical rea- 
soning; but in order to deduce practical formulss adapted to 
actual calculation and comparison, we must again avail ourselves 
of the facilities afforded by the rndimental portion of the differential and integral calculus ; for 
independently of the ncoessi^ of oonftmctlng algebraical formnln adapted to practical purposes, a 
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process of reasoning and a consequent result can be thus exhibited under the form of a few well- 
known symbols, which woald require pages of geometrical reasoning to demonstrate. 

Take the parabolic curve A D K, Fig. 3365, of which A K is the base and D B the axis, to 
represent the trajectory of a shot discha^od from the point A with a given initial velocity. Let 
the ordinate M P be perpendicular to the horizontal base A K, M T a tangent to the curve at the 
point M. Take M P = i/, A P = «, and A the origin of the co-ordinates. From any point R in 
the ordinate M P draw the perpendicular R S to the tangent M T ; draw R T perpendicular to the 
ordinate to meet the tangent in T, the triangle M T R may be taken to represent the differentitd 
triangle. Then the force / in the direction M P is to the effect in the direction R S perpendicular 
to the tangent as MR : RS; or, by similar triangles, as MT : TR :: dz : dx; therefore 

dx 

—f will express the force in a direction perpendicular to the tangent. Take CM to represent 

the radius of curvature at the point M, and let C M = r ; then, as M : M T as the differential of 

the circular arc described with G M as radius is to the differential of the circular arc described 

dz* 
with ,M T as radius, we have r',d» II dz I — ; but the differential of the arc described with 

M T as radius may be taken as representmg the second differential of the arc described with C M 

d z* 
as radius; we may therefore assume d^z = — . Taking the original equations dv :=fdt^ 

3365. 3366. 

A 





dz = v,dij differentiating the last expression upon the supposition that dt ia constant, we get 

d'z = dv.dt; substituting value for dv, d:^z=f,dt\ and substituting value for /, so as to 

dx dx d 2* 

render the expression applicable to the present case, d^z— --r-fdt*, -7—fdt* = d*z=: — , 

dz 
dxfdi* = — , dz = vdt, dz* = v'dt*; therefore /cfarr = v*dz. We shall now find a value forr 

applicable to the present case. Take D M = r the radius of curvature at the point M of the curve 
A M N, Fig. 8366, M T the tangent at the same point, G M the radius vector = y, G S a perpen- 
dicular upon the tangent from the centre G = S ; the lines 9 and r will evidently remain parallel for 
every point in the curve. Take dz to represent the differential of the circular arc described with 
radius r, and d s the differential of the circular arc described with radius MSiDM:MS::</«:(i5. 
Take M T R to represent the differential triangle, M S : M : : M R : M T. Therefore we have 



r : US :: d z : dz, ^Q : y :: d y : dz, Gompoundlng, rly :: dy 



ds,r,d3 = y,dy,f^ = ^^; 

TM : T R :: GM : GS, dz : dx ::y : a, dz.s = dx.y. Considering the lines of attraction 
parallel is equivalent to considering the centre of force G removed to an infinite distance, and conse- 
quently the radii vectors represented by ^ infinite, and consequently constant upon the supposition 
that the velocity in the direction of the curve is uniformly variable, and consequently d z propor- 
tional to the equal increments of time, d z may also be taken as constant. Differentiating under these 

conditions, we have dz.ds^ d*xy, --^ = ■?- » t- = -I- = ir- f r = •^' . Therefore the 

d'x ds dy da cPx d'x 

equBtiaa f d X r = ©'. dz hecomeafdx -^ — = t:*. dt^f,dx,dy = v*d*x. Comparing this with the 

d X 

V* d* X V d V 

equation —fdy=:v.dv already established, and eliminating /, we get -f-—-f- = / = — ~5 — » 

c . rf" a? = — do . dx, v.d'x + dv.dx = 0, Integrating, c . dx = G, which we may put in the 
form v,dx = A,dzjdz having been treated as a constant during the investigation. 

If we take to to represent the angle at the origin when the co-ordinates are rectangular, we 
evidently have the following proportion, cos. to : I i: dx : dz, cos. tp.dz = dx. Taking c to 
represent the initial velocity, coos. t9.d« = G, o.dx = coos, to.d^r. Comparing this with 



GUNNERY. 



1759 



dzsiv.dij we get dx = c,<xm.w.dt; and integxating, « = e.ooa.w.<, 



coos, to 



= t Take 



sixL 



« = a,oo8.« = 6,^ = *, jrjS = ''- 
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Produce the ordinate M P, Fig. 3367, to meet the tangent A E in E. EM will evidently repre- 
Bent the descent due to the attraction during the transit of a projectile discharged from the initial 
point A along the tangential line A E to the point E. 
In finding an expression for M P = y in terms of 
A P = X and known quantities, we might have some 
difficulty in reducing our formuls to manageable 
dimensions; but our familiar spirit g comes to our 
assistance in his character of 2 . (f, assuming for the 
time tlie title of his progenitor, and all the difficulties 
at once disappear, for according to the conventional 
rules 2/» = t>*; and taking d to ropresent the descent 
during the first second, 2 d not only represents the 
generated velocity at the end of the first second, but 
also upon all other occasions the quantity indicated 
by f. Substituting 2 rf for /. 2 . 2 . rf. « = c«, 4 ds = t>«. 
Taking / to represent the height duo to the initial 
velocity c, we get 4 . d . / = c*. 

If we take t to represent the time of the transit from A to E and the contemporaneous descent 
through E M, and roferring to the law that ** the spaces are as the squares of the times," 




1 : t»::d:EM. 



Substituting value for <*, 1 



c*.6« 



::d: em, 



d,x* 



ax 



= EM; &:a::x:EP, — = EP; 



ax 



{EP-EM}=MP = y = -iP- 



dx» 

c«.6« 



Substituting value for c\ y = 



a,x 



It will be evident that when y becomes 0, x will 



represent the horizontal range, and — = - , 4 a 6 / =: j?. 

To find the value of x corresponding to the maximum value of y, or highest point of the 

adx ixdx adx Zx,dx 
trajectory, we must evidently make (f y = 0, = — r TTfT » ~T~ == aii^i > 2a,h.l = x; 

X is therefore in this case equal to half the range. Substituting this value for x in the equation 

ax SB* 2tfibl 4:a'b^(* 

y = -T — Tjn^ ^® get D B =s — ^ — — . . , = 2 a*/ — a»/ = a*/. This is therefore the value 

for the ordinate of the highest point of the trajectory. As sin. 2 . to = 2 . a . &, and as 2 / represents 
the initial velocity, and 4a.6./ = 2afr.2/ represents the range, it will be evident that tne hori- 
zontiil ranges with the same projectile velocity are as the sioes of an angle equal to twice the angle 
of olevation. The horizontal range will be greatest with a given projectile force when the angle of 
elevation is 45^ ; for in this case a = b, and their product in the equation 4ca.bJ = x will be a 
maximum. Also all ranges obtained at elevations at equal angles above or below 45° are equal ; 
for the sine in one case becomes the cosine in the other, and vice versa. Oblique ranges (that is, 
when the object is above or below the level of the battery) may be obtained as follows; — 

Take t to represent the tangent and s the secant of the angle of elevation, t' the tangent of the 
angle of elevatbn or depression of tho object above or below tho level of the battery, 

1 : <'::ay:y = r.x. 

ax x' 
Giving this value to y in the equation y = -r — . . ^ , we get 



^, ax x^ 

t X sz — — 

6 4/.6« 



6 4/. 6" 6 



6« 4/ 



^ = «. ^=.«, ^<' = «-s.A, a'^^iT*', *={*qFn^- 

This has all come out very smoothly and easily, thanks to the kind assistance of our unalterable 
friend g ; and it would be quite satisfactory, but provokingly enough the shot and shells will not con- 
form to the theory ; on the contrary, when they ought to go about twenty miles they collapse, and 
come to a stop at about a tenth of the distance. This is, to say tho least of it, very annoying, after 
all the trouble we have had in deducing the formuhe. We try to comfort ourselves by saying it is 
all in the air, and if there was no atmosphere it would be all right. But no one who has ever 
thrown a stone or shot with a bow and arrow can look at the last figure, or consider the calculation 
showing that the highest point of the trajectory is over the centre point of the range, without the 
conviction foreing itSelf upon him that wluitever the curve of the trajectory may be, that is not it 
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It is trae ilmi we do not as a rolo throw stones or practise archery in Taeno : bnt there is an instinct 
more reliable than abstract reasoning which teUs us that, even leaving out the consideration of the 
resistance of the air, the true curve should bear a greater analogy to the observable trajectory in 
nature than the one exhibited to us under the influence of g, who, like all familiar spirits, has the 
power of making all things ea^ and pleasant for the present, but can only bring us to infinite 
trouble and error at the end. This is the theory of the trajectory of projectiles in vacuo, founded 
upon the laws of gravity, which has been so long received with implicit faith, and only considered 
inapplicable in practice because the true correction for the resistance of the air has not as yet been 
discovered. 

We shall now consider the theory proposed with reference to the resistance of the air, and in 
the first place wo shall say a few words on the subject of what is commonly called terminal velocity. 
Upon the supposition that fj (the force of gravity, as it is called) remains constant and never changes 
during the descent of a falling body, although the force of resistance is supposed to augment by 
successive increments at the end of equal intervals of time, it is assumed that if the descent is con- 
tinued long enough there must arrive a period at which the aggregate of all the increments of 
resistance shall equal the force of gravity or g. But it is also supposed that the velocity has gone 
on constantly increasing during the descent ; therefore it is again assumed that at the moment the 
force of gravity is neutralized by the generated resistance, the greatest velocity attainable by the 
falling body must have been reached. It is then generally stated that from that moment the body 
win continue to descend with a uniform velocity equal to the velocity attained. But this is diffi- 
cult to understand, for the supposition seems to oe mat at some particular moment of the descent 
the constantly accumulating force of resistance has reached a degree of intensity which will com- 
pensate the impulse of attraction received by the falling body at that moment. 

It would therefore seem that there was no further cause for the descent ; for, according to the 
original supposition, in order to receive another impulse of attraction the body should descend 
during another second of time. But even supposing the possibility of the descent during the suc- 
ceeding second, the body would then only descend with a constantly augmenting velocity till the 
impulsive force was again compensated by the resistance. But in order to support the supposition 
that the velocity is a constantly augmenting velocity, we must also suppose that the successive 
increments of velocity exceed the corresponding increments of resistance, otherwise it would be 
either a uniform velocity or else a constantly diminishing velocity. But, on the other hand, unless 
we suppose that the increments of resistance successively exceed the corresponding increments of 
velocity, we cannot establish our right to suppose that a period of the descent must arrive when 
the aggregate of the differences of the increments shall compensate the original balance to the 
credit of the velocity represented by g. But the whole matter has been rendered so intricate by 
the anomalous assumption that the velocity increases while the force of which it is the exponent 
remains constont, that it is impossible to deal with it according to the usual course of argument ; 
and as our present object is simply to exhibit the theory with relation to the correction to be applied 
for the resistance of the air as it stands at present, we must only assume the generally-reoeivea sup- 
position that when the resistence has become equal to the force of gravity Qf) the failing body will 
Lave attained ito greatest velocity, merely remarking, as we pass on, that we have arrived at this 
conclusion by supposing an absurdity 

Take R to represent the resistance; then, according to the generally-receiyed doctrine, when a 

falling body has atteined ito greatest velocity in a resisting medium B = ^. Beferring to the 

dv da 

equations dv=f.dt; d8 = v.di; -j-^di = — ; f,di=v,dv. Integrating upon the suppQatioa 

that / is constant, 2 . t ./ = v*. / is m this case a constont quantity and ie'expressed by g^ Taking 

r to represent 2 $ and substituting, we ha rg =zv*i g =*— ; B = ^ = — • 

. ^ r f 

We have thus obtoined an expression for the resistoncis in terms of the velocity and the space 
through which the bodjr has descended in generating the greatest velocity attainable in the 
medium through which it moves. But it will be observed that this expression has been obtained 
by the adoption of the conventional rules, that in the first place / is invariable, and in the 
second that during the descent the spaces are proportional to the squares of the velocities. It is 
generally supposed that during the movement of a oody through a resisting medium, the resistance 
acts only on the line of motion, any lateral pressure or action being compensated or neutralized by 
a corresponding action in the contrary direction. Assuming this supposition to be correct, we shall 
have oliiy to <^nsider the action of the resisting force on the line ox direction of the moving body. 

Take the ozdinates of the curve A M, Fig. 8368, to represent the successive measures of the 
motive force, while the corresponding ordinates of another curve A N represent the successive 
measures of the force of resistance, the abscissa A P expressing the time from the commencement 
of the motion. It will be evident that the area AMP expresses the sum of all the motive forces 
during the time represented by the^abscissa A P ; also that the area A N P expresses the sum of all 
the forces of resistance from the beginning of the motion during the same time. It follows that the 
difference represented by the area A M N will express the intensity of the force which generates 
the actual velocity of a body moving in a resisting medium. , 

Take y to represent the variable ordinate of the curve A M and y' the ordinate of the curve 
A N. « the abscissa, a the area enclosed by the curve and ordinates x . y, and a* the area enclosed 
by the curve and ordinates x* . y\ Taking the common expression for tho differential of an area 
bounded by a curve related to rectangular co-ordinates, 

da = y,dx, da* = y\dx^ da ^ da^ = [y ^ y' ] .da 

Consequently the differential of the velocity of a body moving through a resisting medium is equal 
to the product of the difference of the measure of the motive force and tho resistance, and the 
differential of the time elapsed, do = {/- li l,dt 
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Take G, Fig. 8369. the centre of foroe ; 0U = y.the ndiiis Toetor ; OS=:«,a perpendionlar 
from the oentie upon the tangent at any point M of the ourve AM; T M K, the differential 
triangle, whose sides may be 
oonsiaered aa small as we ssis. ▲ 3369. 

S lease. The force in the ^ 

iieotion C M is to the force 
in the direction of the tan- 
gent as M : M 8. But 

tm:mb:: cm : MS, 

d'ldyllflp^f; there 

fore -r^ ./etpreesee the force 

in the direction of the tan- ^ 

gent Substituting this value fur / in the equation 





we get dv^ |_^/_Rj.<fj. butd» = t».(f<; ^ =d«. Sub- 

stituting this value for di,v.dv = dy .f ^ "R.dx. We shall 

now apply this formula to the descent of a foiling body. It will be evident that in this case x = y, 

and it has been shown that B = - =/. We shall also, in order to simplify the calculation, take 

V* 

/ equal to unity ; g in this case representing /. Therefore - = ^ = 1 ; r = v\ Making these 

r 



substitutions, the expression o.<l« = (fy ./ — B.cf^r becomes v.dv =zdy ^ — dy ss 



r-c« 



dy; 



^J , = dy. Therefore y = I ^' ^ , ~ "" o '*^°^' ('' — »') + 0. But when y = 0, v = 0; 



theref<ve G = ^ r log. r, and the corrected integral is 

y = - J r log. (r - «») + - r log. r = - r Ipg. j^-^ 
Take g to represent the number whose log. is — ^ t 



-^ = log. 



r — c' 



« = 



g.r - fl-.u" = r; 



r - ©• = - 



-^ = .«;(g-l)J=t>- ^/{to-l)^ = .. 



r — »•'"" 9 9 

We have thus obtained the value of v in terms of y and r. 

Taking the equation dg = v,di, and substituting dy for dz, we get dy^v.dt; but 



ify = 



r.r.d© 



v,dt = dyzs 



r,v.dv 



dt = 



r,dv 



Jr,dv 



We have taken g equal to 



unity, and it has been already shown that under this supposition r = e*. When v ia the greatest 
velocity attainable, take a to represent this velocity, which must evidently be represented by a con- 



stant quantity r = a*. Substituting this value, the equation dt=^ 



r,dv 



becomes d^ = 






= a« -= J = a«-alog.C— ^ = ^alog.O = « <* {log. + log. \ 

J a* — tr 2 a — c 2 a — c 2 V a — ©j 



a + V 
a — © 



= log. 1 = 0; therefore log. G = 0, and the corrected 



When i = 0, v = ; therefore log. 
integral is < = ^ a log. • 

a (I ^ t> 

, We have thus obtained the time of descent of a falling bodf through a resisting medium in 
t^ms of a and v, which as r = a* amounts to the same as obtainmg it in terms of r and v. v has 
been already obtained in terms of y and r. y is a known quantity, being the distance descended 
by the falling body. If therefore we can assign a value to r the problem will be solved and the 
time of descent known. But here again we are led into the region of conjecture and supj^osition, 
and find ourselves still under the influence of g. And therefore however sound or ingenious the 
reasoning may be, if our faith in g is shaken, or if we are not fuUy satisfied with the suppositions upon 
which the premises are founded, we must necessarily be sceptical as to the conclusions arrived at. 
Admitting the assumption that at the moment at which the greatest velocity is attained by a falling 
body in a resisting medium, the motive force which causes the body to descend must be equal to the 
force of resistance. Then if we can find expressions for both these forces and equate them together, 
we may arrive at the value of r, which expresses a uniform velocity, representing the greatest 
velocity, or, according to the conventional rule, twice the height due to the greatest velocity. 

So far we have only considered abstractedly the attractive force which causes a particle of 
matter to descend ; but now, when we are about to deduce a formula adapted to practical applica* 
tion, we must admit the considerations of form and relative density or specific gravity. The fluid 
with which we have to deal in matters relating to gunnery is the air, and therefore we may con- 
sider the specific gravity of the finid as constant upon all occasions, and represent it by n. The 

5 u 
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specific grayity of the falling body depends npon the material of which it is oompoeed, but what- 
ever that may be we shall represent it by N. 

Ab we only propose to carry the present investigation so far as may enable ns to test the troth of 
onr theories by experiments upon falling bodies, we shall suppose the form of the falling body to be 

spherical. Take d to represent the diameter of the sphere, then the solid contents will he^wd 

As we are about to institute a comparison between the motive force and the generated resistance, 
and as no reslBtance can be generated till motion takes place, it would be natural to suppose that 

- ir d* N would be taken to express the initial motive force; but on the contrary, -ir d* (N — n) 

appears to be generally taken to express the motive force, assuming an initial resistance which 
seems to be an absurdi^. 

The expression for tne force of resistance is generally arrived at as follows ; — ^The resistance is 
supposed to vary in proportion to the number of particles which strike a plane movine through the 
fluid in any given time multiplied into the force with which each particle respectively strUras the 
plane ; but both the number of particles which strike the plane during any given time, as well as 
the force of each particle respectively, must be proportional to the velocity with which the plane is 
moving through tne fluid ; therefore it is condudea that the resistance is proportional to the square 
of the velocity. It ia evidentiy considered that in arriving at thia conclusion it is a suffldentiy 
close approximation for nractiod purposes to suppose that the action of each particle ceases imme- 
diately upon impact wiui the plane, or, in other words, that the medium through which the plane 
passes is discontinued. It is supposed by Sir Isaac Newton that in continued media, as air, water, 
hot oil, quicksilver, Ac., a body as it passes through them does not immediately strike a^;ainst edl 
the particles of the fluid that generate the resistance made to it, but presses only the particles that 
lie next to it, which press the particles beyond, which press other particles, and so on. It is assumed 
that the resistance to a plane moving perpendicularly through an infinite fiuid at rest is equal to 
the force of the fluid on the plane at r^ upon the supposition that the fluid moves with the same 
velocity as the plane was supposed to move with in tiie first instance, bat in a contrary direction. 
It is aL90 supposed that the force of the fluid in motion is equal to the pressure which causes or 
generates the motion. If therefore we can flnd an expression for the pressure of an infinite fiiM 
upon a plane at rest of given dimensions in terms of the velocity of the fluid and known quantities, 
we can find an expression for the resistence of the fiuid at rest to a plane of the same dimensions 
moving with the same velocity. With reference to this matter there appear to be difierent theories; 
but assuming for the present that the pressure of a fiuid upon a given plane is equal to the weight 
or pressure <» a column of the fiuid, the base of which is equal to the plane and the height equal 
to the altitude due to the velocity with which the fiuid is moving, which according to the oonven- 

tional rule = ^ , ' will equal the weight or pressure of such a column, n representing the 

specific gravity of the fiuid and a the area of the base, and will also express the resistance of the 
fluid to a body moving through it with the velocity v, the cross-section of the body perpendicular 
to the line of motion being expressed by a. If the moving body 
be a cylinder the diameter of the cross-section being represented ^^®* 



ir.d* 



B 
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by d^ a = 

•*. 

When the cross-section of the moving body is inclined to the 
direction of motion, let s express the sine of the angle of inclina- 
tion, A B, Fig. 8870, bemg the direction of the plane and B D 
that of the motion. The number of particles or quantity of the 
fluid which strike the plane will be dimi- 
nished in the ratio of 1 : «, idso the force 
of each particle will be diminished in tiio 
same ratio. Therefore on these accounts it 
is supposed the ratio will be diminished in 
the ratio of 1 : s'. But this is upon the sup- 
position that the particles strike the plane 
perpendicularly, and as they strike obliquely 
it is considered that the effect will be dimi- 
nished in the ratio of 1 : s*. Therefore upon 

this supposition — ' ' will express the 

resistance. 

Let BEAD, Fig. 8871, be a section 
through the axis C A of the solid moving in 
the direction of that axis; let EG be a 
tangent to any point in the curve meeting the 
axis produced m G; let CFand FE repre- 
sent the ordinates x and y to the point E, 
Eotf the differential triangle; take« to ex- 
press the are B £, « the sine of the angle G • 
iiry will equal the circumference described 

by the point E in revolving about the axis A; and therefore 2 iry.^f^v will express 
of the area opposed to the motion, and !!^.2,ry.d* « ^*'";*^.y.d^ wiU 




the diflbrential 
express the dif- 



«arantial of the raeistanoe. Let the soHd be a sphere, and take r to express the radius C A ; 
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» = V('^-«0: 



8 — 



EF 

EG 



OF 
CE 



y.rf* = (BP.Ee) = (CE.o«) = r.dx; therefore 



c*. « . ir a* 



ivhen x=r^ 



9 



,y,dM=: 



©•n» 



9 






«•«» 



^r« 



x^.dx ; 



ar* = 



4i> 



— -j-x^.dx=z- — - 



taking d to represent the diameter of the sphere, 



v*nwd* 
"167" 



will ezpfesB the resffltanoe. Equating this expreasion with ^ ir d* (K -> n), the ezprossion lor the 



motiTe force, we haw 



©•.n.wcP 1 



3^^=gird»(N.n); t^ = 2^.cf 



4 .N- 



2g 8 



N-« 



But as 



V has heen taken to express the greatest velocity, ^- will express the lieight dae to such velooitr ; 



8 . N- 



but r = twice the height due to the velocity o, therefore r s -^ . cT. 

8 



or r = J d — , upon the 



1 1 


• 

K 


A 




B 




G 


D 



supposition that at the commencement of the motion the resistance = 0. 

Having tiius obtained a value for r we can obtain a value for the time of descent of a spherical 
body of any given dimensions and spedflo gravity through any given space represented by y, 

• It has been assumed in the preceding investigation that the pressure of a fluid upon a given 
plane is equal to the weight or pressure of a column of the fluid, the base of which is equal to the 
plane and the height equal to the altitude due to the velocity of the fluid. This is generally 
proved as follows ; — 

Take M N O P, Fig. 8372, to represent a vertical section of a cylindrical vessel filled with a 
fluid up to the level G H, at which height it is supposed to be always retained ; M P the diameter 
of the oase, and D the diameter of a circular orifice in the base, 3373. 

which is supposed to be very small compared with MP; G I K D a 
section of a column of the fluid standing directly above the orifice, 
and G A B D a section of a plate of the fluid immediately contiguous 
to the orifice. Take v to denote the velocity with which the plate 
G A B D would descend in vacuo through the space B D, subject onlv 
to the influence of gravity. Take Y to denote the velocitv with 
which the plate G A B D is disehaigCd horn the orifice when subjected 
to the pressure of the entire volume of the fluid, which a reference to 
any elementary work will show may, acoordinflr to theoretical reasoning, 
be represented by the column GIKD. The velocities are as the 
moving forces, and the times in which they act directly and inversely 
aa the (quantity of matter moved; but it will be evident upon the 
supposition that the fluid is homogeneous that the moving forces will 
be as the heights B D and K D. The times in which Siey act are 
inversely as the velocities, the space being given, namely B D, and the "^ 
quantities of matter moved equal, the quantity of matter m both cases being represented by the plate 

of fluid ACDB; therefore© :V :: -"v"'' »* : V*:: BD : KD; c : V :: VBD : ^KD. 

But B D is'the lieight due to the velocity 0, therefore K D is the height due to the velocity Y, and 
K D is the height of the fluid. It will be observed that in this case V represents the velocity at the 
orifice, not the mean velocity of the descent of the fiuid. The pressure on the orifice is equal to a 
column of the fluid of which the base is equal to the area of the oriflce and the altitude eqiul to the 
height of the fluid. Therefore, admitting the usual suppositions, and also that the result m the case 
just investigated may be taken to represent the resistance in anunconflned fluid, the problem is solved. 

The folK)wing may be taken as representing to a certain extent the line of reasoning employed 
in Prop. 86, Lib. 11^ of Newton's Principia in this matter, by means of which it will be seen a dif- 
ferent result is arrived at. 

Take A B GD, Fig. 8878, to represent the vertical section through a eylindrio vessel which is 
supposed to remam Axnstantly ftill of water. To illustrate this, 
Bir Isaac Kewton supposes a block of ice on the top of the 
vessel, the lower surface of the ice being in contact with the 
upper surface of the water, so that as the water descends through 
an orifice in the bottom of the vessel, of which LM represents 
the diameter, the ice shall dissdve and constantly supply the 
deficit. If we take E F to represent the line of surface at any 
variable distance B E, whidi line of surface had been origin- 
ally at B 0, it will be evident that the quantity of water run 
out at the orifice during the descent from B C to E F will be 
represented by EBGF. Take U to represent the quantity 
of water contained in the vessel, m the area of the circular 
surface at B G, and m' the area of the circular orifice of 
which L M is the diameter; then as the velocities of equal 
<^uantities of water through difierent openings during the same 
tune are inversely as the areas of the openings taking Y to 
represent the vefodty at the orifice and Y' the velocity at 
the surface BG, we have Y : Y' :: m : m'. Take x equal AB 
the height of the fluid, and a4>« the height due to the 

velocity at the oriflce, Y> : V^ :: m« : w" :: a + * 



8373. 




m 



'• 



~~? (a -f xX ^Uch represents the height due 
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to the Tolooity at B ; therefore, while a + x represents the height dne to the yelooity at the orifioe, 
— (a + x) will repieeent the height due to the vdocitj at the sur&oe. Differentiatiiig both these 



m' 



expressions, we haye d x and —^dx, Asraming the differential of the height due to the mean 



m' 



mr 



yelocity of the fluid as equal to the difference of the above differentials, we have dx^^—zda 

III 

to represent the differential of the height due to tl^e mean Telocity of the descending fluid ; ihoi^ 

forecf.U=/rf« — ^da?|m = md« — ^ , also U = m . » . If o represents the mean velocity 

with which the water descends, the momentum of pressure upon the base may be expressed bv U . « 
according to conventional rule, mx evidently expresses the quantity of water contained in the 
vessel, ^ich multiplied with the distance of the centre of gravity of the mass of water from the 
plane of the bottom of the veasel, will express the momentum also. But in tliis case the distance of 
the centre of giavity from the bottom of the vessel upon which the pressure is ap^ed = i « ; therefove 
takingM to represent the momentum, U.vsMsims'. Difierentiating, o.a U + U<f o = m,x.dx. 

Bubstituting the values for tfU and U already found, we have o.m.(f« — v — dx^mxdv^mm.dxi 

dividing by m, ».<!« — •— 5 <f» + ».d© = ».<f«. Take f 1 — — 5J = r, r.o.(f« + «do = «cf«. 
Multiplying both sides of this equation by sf\ r.v.af'^.dx + df. d« s sf.dx; integrating, we 



af+» 



X 



obtain odf = r-- — ; dividing byaf, » = r--; — . Weaanuned 1 — — ; = r; therefore 
1 + r " "^ ' 1 + r m' 

2m"— m** , . X m'« 

m« ^' 1 + r 2m«-m* 



mr 



2--~ = 



m" 



Take K I to represent the height due to the velocity at the surface, and K P the height due to 
the velocity at the orifice, KI : KP :: v* : v», v : V :: PL* : IB«, ¥*«:¥»:: PL< : IB*, 
KI : KP :: PL* : IB*; this determines the curveBL^and the cataract B L M G is fonned by 
the revolution of this ourve about the axis KP. It is supposed that the contents of this cataract 
expresses the (quantity of water which presses upon the onflce in the same manner as if the rest 
was congealed mto ice ; therefore the portion of the water contained in the solid described by the 
same curve B L round the axis B A expresses the quantity which presses upon the ring described 
by A L in the rotation. 

Let a bf Fig. 3874, represent the diameter of this ring, and a c 6 a section of the solid described 
by the revolution. Take a to express K^« = IP, 6 = BI,y = PL,« = AL, then y = 6 — «; 

therefore by the property of the curve, a : a-^x i: ff* lb*; --^asa + x; 

ab* a &* 

-a=5«. Substitnting value for y*. 



33fi. 



/: 



ab*dM 



(6— )4 



— a s «• Differentiating, 



/jmiy ° ^'' ^^^ ^ differential of the solid described by the area 

ABL about the axis AB s « is equal to the cylinder whose base is the 
cirole described by the ordinate A L = jr and altitude equal to dx. This 
flolid is therefore proportional to x'.dx, while t\x expresses the cylinder 

of the same base and altitude, .«d» = ^^^^ = ^ ^^^ ' 

Therefore the soUd aeh wiU be proportional to ^ fil^illf . Take 12 6« = M, 

8 J (6 — «)» ^ 

J (6-*)» 4(6-,)* J 2 (b^»Y' J 2'<6w)*-2 8(6-*)«"J 6(b:^' 




J 6(6:^ = 6 2(f:::;y- '^^^j^j^^ 



— ** ' 1 

*)» " 4 (6 - * y "• 6 (6 - «)• ■*■ 12 (6 - «)• ■*■ ^' 



When , = 0, = j^ + 0, = - j^; therefore the corrected integral is 

** » , 1 1 8z*-2y(6-t) + (6-ty 1 

4(6 - ir)4 " 6(6 -*)•"*■ 12(6 -*)•"" i2P "^ 12(6-*)* 126? 

_ 36««« - 26«<r(6 - + 6«(6 - Q' - (6 - t)* 

126«(6-«)« 

86»#«»26>jr + 26>j:«-f6*-26»« + 6U« -6« + 46»,-.66«*« + 46*«-«* 46««-** 



12 6* (6-*)* 



126»(6-«)*' 
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Therefore the solid a o 6 is proportioDal to -g- -jr — ^^ . Subetitnting Tftlue for « in «' x, we 
have J y — a *• ss a «• jpr r, — 1 > ; therefore the solid is to the cylind< 

But «s { 64 - (6 - «)« } s 46>^ - 66* a« 4. 46<* - «•; therefore the proportion becomes 

or dividing by «<, {|^'*'§^^'} * {^^-66«« 4.46«* -- Jt^} . If we suppose m to become 

infinitely small, or in other words suppose the diameter at the orifice to approach without limit to 
an equality with the diameter at the surface, all the terms involying x may be neglected, and the 

proportion will become ^ 6> : 4 6*, or -^ : 1 ; and also m', which has been taken to represent the 
area of the orifice, may be taken equal to m, the area at the surface, and = ^ — r ^ becomes 

2 HI ■* III 

V = «. Therefore x equals twice the height due to the velocity «. 

If we suppose the water to be at rest, and the small oirole of which a h represents the diameter 
to ascend with the velocity e<)ual to o vdth which the water was supposed tb descend, it will be 
evident that the same expression which represented the pressure when the fluid was in motion and 
the cirde at rest will represent the resistance when the eirde is tn motion and the fluid at rest ; 
but the solid representing the pressure in the flist case is to the cylinder whose base is the small 

circle and altitude x, as -o • ^t *^ consequently the resistance will bear the same proportion. It 

o 

follows that in order to meet with a resistance equal to the pressure of the cylinder the small circle 
must move with a velocitv equal 8.0; but the heights due to any given velocities axe as the 
squares of the velocities, therdbre twice the height due to the velocify 8.« will equal 9.x; but 
this is upon the supposition that the cylinder is of the same specific gravity as the fluid. 

If we suppose the small circle whicn forms the base of the cylinder to remain constant, and also 
the velocitv, then in order to express the pressure which denotes the resistance we must reduce 
the altitude x of the cylinder in proportion to the increase in the specific gravity. Take K to 
represent the specific gravity of tne cylinder, and n the specific gravity of the flmd ; then if we 
suppose the velocity to be the greatest veloci^ attainable in the medium in which the body is 
moving, and r to represent twice the height oue to such velocity when ttie specific gravity of the 
moving body is represented by N and that of the fluid by n, we have r : 9x : : N : n, the sphere 
is } of the cylinder. If therefore we suppose the specific gravity of the sphere to be N, and the 

2 
speoiflo gravity of the oiroumsoribing cylinder to be g- N, the pressure which is the exponent of 

the resistance will be the same if we substitute the cylinder for the sphere;* therefore when the 
form of the moving body is spherical, the proportion becomes, takixig d to represent the diameter 
of the sphere and consequently the height of the oiroumscribing cylinder, and substituting it for x, 

8 » 

li will be observed that in arriving at this oonelusion the resistance to solid bodies moving 
through a fluid is supposed to be the same, when the cross sections of the solids at right angles to 
the Hue ^ motion are e^nwd without reference to the form of the solid. 

In Lemma IV., Lib. XL, of the Prindpia, we And the following; — ^If a cylinder move forward 
uniformly in the direction of its length, the resistance made thereto is not at all changed by 
augmenung its length or diminishing that length, and is therefore the same with the resistance of 
a circle dumbed with the same dkmeter. and moving forward with the same velocity in the 
direction of a right line perpendicular to its plane ; for the sides are not at all opposed to the 
motion, and a cylinder becomes a cirde when its length is diminished ad infinitum. The force of 
the last part of the reasoning is not immediatdy apparent, for if the cylinder is not diminished ad 
infinitum it does not become a drde. 

In the report of a lecture on the flight of projectiles, delivered at the R. U. S. Institution in 1865 
b^ General Anstruther, we find the following statement made by the Editor of the present work ; 
>— ^' It has been found by experiment on rauways that the resistance of the atmosphere to the 
motion of a train depends chiefly upon the length of the train and not upon the frontage of the 
carriages ; the resistance resembles more tiiat of friction than the moving of a long parallelopiped of 
the fluid in which the body moves." 

It is generally supposed that when the vdodty of a body moving through a resisting medium 
exceeds a certain limit the resistance becomes increased, in consequence of a vacuum being formed 
in rear of the moving body, leaving the body to sustain the whole force of the resistance of the 
partidee of tiie fluid opposed to the motion without any support from the particles moving in, in 
rear, upon the track of^the moving body. This is supposed to take place wnen the vdodty of the 
moving body exceeds the vdodty with which the parades of the air subjected to the pressure of a 
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oolamn equal in height to the height of the atmosphere will rnah into the orifice sappoeed to be 
left by the adyanoe of the moving body. Sound moves at the rate of 1142 ft. in a second, and as 
sound is propagated by the elastic force of the air, therefore the elastic force of the air is such 
as to produce an equivalent velooity ; this is therefore sometimes taken to mark the limit fitmi 
which the vacuum is formed. 

Much has been written on iheee subjects by Newton, Bernoulli, D'Alambert Bossut, Buat, and 
many other authors ; and a good abridgment of all that can be said on the suoject, assuming the 
established laws of gravity, will be found in the Treatise on Artillery for the practical cIims of 
the B. M. Academy, published by authority in 1866. But instead of entering furtner into detail in 
these matters, we should propose in the first place that we should test by actual experiment the 
accuracy of our present theory founded upon the laws of gravity generally received. Ijf the experi- 
ment should prove the theory to be fallacious, the next stop we should propose would be to endeavour 
to ascertain DY experiment where the fallacy exists — whether in an erroneous estimate of the 
resistance of the air, or of the force of gravity, or both. We have facilities of experiment now 
which were not formerly attainable in the same degree. These may be furnished by the improve- 
ments in the construction and mode of working bsiloons, by electricity, photography, telegraphy, 
accuracy in measuring time, as well as in graouating and oonstructinff optical instruments ; and 
add to all these a caloul^ which will enable us to solve problems whl^ were formerly beyond our 
reach " •■■ 

Thelht expermient we should propose is as follows ; — That on a^calm, favourable day an ascent 
should be made in a balloon carrying a spherical body of known densityj as hMnogeneous as it is 
possible to make it ; that an observer should be stationed at any convement point for taking th» 
elevation of the balloon at any given time ; that the ipherical body should be attached to the oar 
oi the balloon, so as to be detached suddenly, at a signal, by means of the suspension of an eleolxjo 
current— the weight of the shot, indicated by a spring balance, should be taken at the instant it is 
detached from the car; that the signal should be given from the point of observation at the 
moment that the elevation is taken by means of a theodolite or other suitable instrument ; that 
the height of the balloon from which the body drops should be estimated by a single observation, the 
distance from the point of observation to the point where the spherical bodv drops being taken as 
radius, and the tangent of the observed angle to such radius, added to the height of the observer's 
eye, being taken as the height of the balloon. We have given a formula by means of which the 
time of descent may be calculated according to the theory now extant ; the diameter and density of 
the falling body, the height descended as well as the moment of detachment being known ; the time 
of descent being accurately noted and compared with the time by calculation will show the amount 
of discrepancy which may exist between them. If the discrepancy is great, we must conclude that 
our theory is fieJlacious ; and, on the other hand, if the times nearly agree, we may conclude that our 
theoretical formubs are sufflcientiy close approximations to the truth for practical purposes, and 
we may go further into detail to improve it. If we find a sensible discrepancy, whicn is most 
likely to be the case, we must then have recourse to further experiment, in oider to discover where 
the fallacy exidts. 

We have assumed the descent of the spherical figure to be vertical ; that is, that the foiling 
body descends upon a vertical straight Une in the direction of the plumb-line. It appears to us 
that the error incurred in consequence of this assumption will be less than the error arising from 
two observations which may not be simultimeous. If the single observation should be taken 
exactiy at the moment that the spherical body is detached, and the time correcUy noted, the only 
source of error wUl be the irregular motion during the descent of the spherical body, and the 
experiment will be much simplified, as it will be only necessary to measure the distance from 
the point of observation to the point where the spherical body reaches the ground. Even upon 
the supposition that the exact vertical height of the balloon was ascerteined by a double observa- 
tion, the error arising from irregularity of the motion in the descent would remain. 

We shall now give a short extract from a small pamphlet lately published, entitled Theory of 
Gunnery, ofTered to the Institution of Civil Engineers by Gen. Anstruther ;— * 

**' When a baU has been projected obliquely upwards it is acted upon by two forces — ^the resist- 
ance of the atmosphere and gravity ; the former of these two can only act in reducing the magnitude 
of the ascent, the latter of the two deflects the ascent vertically, so as to bring the ball to the 
ground at the expiration of a certain time of flight, at a distance nom the ffun called the range. 

** If the true angle of departure is given to us as the elevation, and the horizontal space passed 
over as the range, we can determine the trajectory to an inch. 

'* We multiply the eiven range in feet by the tangent of the elevation ; the product is the 
measure of the vertical descent, the fall by gravity in the time of flight.'* 

This offers a useful suggestion for further experiment in order to test the validity of our present 
theory of gravity. The angle made by the axis of the gun, or the tangent to the curve of trajectory 
at the initial point and the direction of the object, is called the angle of elevation. The angle of 
departure required by the General is the true angle of elevation with the horizon, or complement 
of the zenith distance, which latter is the angle made by the vertical passing through the point of 
projection and the direction of the piece. This angle being known, the General considers that the 
vertical deflection during the time of flight will be equal to the tangent of the given angle to a 
radius e<|ual to the measured ranee. If this be the case, it evidently suggests another means of 
ascertainmg the time of descent through a given distance under the influence of gravity and the 
resistance of the air ; for the height descended will be known by calculation, and the time by 
observation Cbeing the time of flight). 

The results of these two experimento being compared together, and with the resulte by calcu- 
lation according to the existing theory, might lead to some useful conclusions. The resistance of 
the air is evidently a retardative force, with the law of which we are at present unacquainted. It 
is generally supposed that it acts only on the line of motion of the projectile, but as the initial 
impulse becomes weaker in consequence of the augmenting force of resistance, the ratio of the 
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unpnlsiye force to the force of gravity is constantly changed, and the deflecting power of the foroe 
of gravity beoomeB comparatively stronger as the projectile proceeds : from this cause alone the 
foroe of gravity also varies by some law, as the moving body approaches nearer and nearer to the 
centre of foroe. These variations would render the detennination of the carve rather an intoioate 
matter, even if we were acquainted with the laws of variation, which at present we are not But 
if a tolerably dose approximation to the laws of variation could be arrived at by experiment, 
the means of cslculation for the formation of reliable tables could be soon found. 

Admitting the statement that a body impelled by a given force in a given direction will 
proceed with a uniform veiocitu in that direction ad infinitum^ unless influenced by some counter* 
acting foroe; admitting also that the foroe of gravity acts on pvallel vertical lines, and the foroe 
of re&tanoe of the air only on the line of trajectonr of the projectile, it would fc^ow that the time 
of flight should be a very close approximation to the time of aesoent through a distance equal to 
the vertical deflection, calculated according to General Anstruther's theory ; and the matter might 
be tested by dropping shot from a balloon at different heights, and also observing the time of 
flight correspondmg to difibrent ranges, in1|Brpolating in both cases, and comparing the results. 

We shall now pass on to experiments with a view to ascertain as nearly as possible by a 
prsotieal test the respective laws of variation, of gravity, and the reslstsnce of the air. We shall 
here extract some remarks, by the Editor of the present work, on this subject, to be found in the 
report of General Anstmther's lecture, delivered at the B. U. 8. Institutiaa in 1866 ; also the calcu- 
lation of certain formnlie, which we shall here modify so far as to put them in a more explanatory 
form than that in which they appear in the report ; — 

** To flnd whether the resistance of the air or anv other fluid medium is proportional to the 
square of the velocity (V) or not, and also to flnd whether the value usually given to (g) the force of 
gravify near the surmce of the earth is under or over estimated, gen^aUy g is put = 81|> 82l| 
82, Ac. Let «* multiplied by some constant coefficient express the retarding force, and to simplity 
the investigation put this coefficient under the form n*g ; then the motive force will be expressed 
by ^ — ^ft'v'. Taking the equation dv =f.dt, and substitutinf g(l » n* v*) for /, we have 

dv 1 dv 1 r dv 1 

rf«=:,a— ••orf*; ri^^t-''*' ^r3^=**= s^jTZ;^'*' ^•^•;=«' 






the exprenioii becomes — I ,^ i = ij which reduces it to a weU-known form, and we have 

iL S\og,t:t2 + log. o] = t. When v = 0, < = 0; therefore ^ log. C = 0, and the corrected 
2^ I a — » } «i^ 

integral is ^ log. --^ = « ; log. - — - = -j- . 

Take 2^ t = m, and t to represent the base of the hyp. logs., 



#•-1 



l±-? = f-; a + « = «. ••-•••: «{t*+l} =ajf«-l}; © = a ?- 
a — 1^ — 

€•+1 

1 ««." — 1 
fiubstitnting value for a, v = - ^, , ^ • 

Taking the equation v,dv:s f.ds; substituting as before ^(1 — n'v*) for /, we have 

v.dv = g(l — n*^d$; ^^,*^^ =jy.rf<; gCl-^n^t^ ^^'- ^^«^ °»y ^ P^* '^^^^^ *^« ''^"^ 

1 -^''*\'^J - ds; therefore - 5^ log. - ^, , + log. C = «. When c = 0, • = 0- 

2n*g (1— ««»») 2fi^g ^ 1— Mc* 

therefore log. = log. 1 = 0, and - j-j- log. ^_^,^ = «; but 

1 <«■» - 1 1 (<«■»" -» ly 

* " a €-•+ 1 • a« («•— + !)»• 

thi^rfrm. ^.^- (^""- ly. 1 ^.,. y"+iy-y--iy . 

therefore ^ ^ - ^^Jm. ^ Jy* l-**" («>«-+ !)• 

(€«■•• + 1) + (€••• - 1) = 2 €«— ; (f«*« + 1) - («•"•• - 1) = 2. 

Therefore l^n«.« = ^^,„^^y ; j_^. = ^--^^^ = |-^-jj^| = (^(^^^ . 

Substituting this value for _ , , in the expression - ^-|— log. - _^,^ = «, we have 

Therefore - f •"" ^ \ = c'"'' ; **• H = 2 §•■'• ; we assumed m = 2 y f. Substituting 

2\ €"■/ •*•■ 

this value, we have c*«'" + -r-r- = 2 •*"*«, which is under the form v + - s a ftmotion of n, ^, 

and may be solved by dual arithmetic.** See DAimnfo. 
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Then if we drop a Bpheiical body, as homogeneons as it ean be made, from a balloon npon a calm 
day and can mark ezacUy the time of deecent, s and t in the equation become known qnantities, 
c being the base of the hyperbolic system of logarithms, dual log. of c = 100000000, = 10" ; there 
evidently remain only n and g unknown quantities. Repeating the experiment and ascertaining 
two new values for s and ty we obtain a second equation, in which n and g are the only unknown 
quantitiea Therefore, having two equations ana only two unknown quantities, we can ascertain 

the values of n and g. Taking the equation v = — ^^ - , then since g and t are known quan- 
tities m becomes a known ouantity, and consequently v. The corresponding resistance also becomes 
known, having been originally assumed as ^ n*. ^ ; we can therefore compare the velocities 
with the resistance in the two experiments, and thus ascertain the ratio whicn subsists between 
them. 

We conmienced this article by asBuming as a fact that bodies under the influence of the force 
of gravity and uninfluenc»d by any sensibly counteracting force move in elliptical orbits round the 
centre of force. This being all that we jna.y be said to know of the action of the law of gravity by 
actual observation, the rest being more or less founded upon ingenious suppositions of clever men. 
which suppositions have become so familiar to us, and such an uiposing structure of mathematical 
reasoning has been rused upon them, that we forget the original instability of the foundation. We 
shoiUd therefore propose that the ratio of the times of descent with reference to the ^Mce descended 
through found by experiment should be compared with the ratio of the times calculated with refer- 
ence to the law of gravity found by observation, namely, that the force or velocity is inversely pro- 
portional to the square or the distance from the centre of force. And then if the differences of the 
times found by experiment and calculation should bear a constant ratio to each other, we may 
assume that this difference represents a close approximation to the correction to be applied for the 
resistance of the atmosphere. A formula for this mirpoee might have been deduced by considering 
the minor axis in the ellipse to be indeflnitoly oiminished, in which case the expression &a the 
time in the elliptical orbit would become an expression for the time during the descent along the 
line of the transverse axis. But in the pvesent case we think we shall arrive at a more practically 
useful result, as follows ; — 

We can only represent a force or its exponent velocity by a reference to space and time ; when 
the force is singly impulsive and the velocity uniform we can express the velocity by .saying that 
it is such as to cause a motion of so many feet or yards in one given unit of time ; if the force i» 
constant and the velocity uniformly accelerated or retarded, we can express it by stating the space 
generated or due to the acceleration or retardation during a given unit of time. But if tiie force ia 
variably accelerated or retarded we can only express it by a complicated and elaborato formula, or 
else approximate to it as closely as may be desirable in a more simple form. If a force should act 
aocoraing to any law of uniformly accelerated or retardative motion with reference to space or dis- 
tance from the centre of force, it will be evident that the same force must be considered variably 
accelerated or retarded when referred to equal intervals of time. For instance, if a force be in- 
versely proportional to the square of the distance from the centre of force, and consequently with 
relation to a falling body directty proportional to the s<juare of the distance from the point of 
departure, it wiU oe evioent that the motion, although uniformly accelerated with reference to the 
space or distance descended, will be variably accelerated when referred to equal portions of the time 
of descent, that is, the space which expresses the distance due to the acceleration during any one 
interval of time will not oe equal to the space which expresses the distance due to the acceleration 
during any other equal interval of time. 

Take the abscisses A P, A F, A P", &o., Fig. 3375, to 3376. 

represent the times, and the corresponding ordinates P M, 
P^M', F'M", &c., to represent the spaces described. We 
shaU suppose the ordinates PM, F M', F' M", Ac, to be 
indefinitely near to each other; also the distencee PP', 
P' P", &c., to be equal to each other, or in other words dt; 
which they represent, to be constant. Draw M K parallel 
to the axis of the abscisses and produce the chord M M' to X. 
Let TB be a tangent to the curve at the point M'; then 
KM = QX = d« will represent the space due to the 
acceleration during the interval of time P F. If the motion 
was to become uniform at the point M' the line of motion 
would be represented by the tangent M'B. It will be — ^ 
evident therefore that M" B will represent the space due 
to the acceleration during the int^val of time P'F'; 
Til's M'B; TM and M"B are paraUel; therefore 
T M = M" B upon the supposition that the curvature is the same throughout. In the triangles 
TMM', BM'X, TM' = M'B, and the angles are equal; therefore 

TM = BX, M"B = TM = BX, XM" = 2M"B: KM = d«, 
KM' - QM" = QX - QM" = - X M" = d«»; - 2 M" B = cP». 

Here the motion has been considered with reference to the point of departure of a body falling 
towards the centre of force, and conseqnentiy the velocity is accelerative and the curve convex 
towards the axis of the abscisses. But if we consider it with reference to the point at which the 
fiftUing body reaches the ground, estimating from that point towuds the point of departure, the 
velocity must be taken as retardative ; the curve will be concave towards the axis of the abscisses, 
and the expression becomes 2 M" B = d* s. The equation 2 9 = / d t* was arrived at upon the sup- 
position that / was constant. Although this supposition appears to be inadmissible with reference 
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to the entire time of deeoent of a falling body, and only moduotiTe of enor and oonfosion, still the 
applioation may be considered admissible without sensiDle error with reference to the movement 
through the first of the indefinitely short equal interrals of time into which the line of descent is 
suppMed to be divided. In this case a in the formula expresses the space due to the acceleration 
durmg the shozt interval of time dt,8 will therefore be represented by M" B, 

/<!<• = 2M"B = d««; / = ?^- 

The intensity of the force of attraction may be supposed to become infinitely great at the centre 
of force, or whether infinite or not it is constant and may be represented by m ; but we can always 
suppose the representation of the intensity of the foroe at some constant distance from the centre 
nearer to it than any distance which we snail have to consider, and thereforo in our calculations 
the quantity expressing this foroe may be considered constant ; let it be represented by m. The 
&ct of its being a constant quantity whatever its actual value may be will oe sufficient to enable 
us to institute a comparison of ratios with reference to other forces at a greater distance from the 
centre. The distance of the point of departuro of a falling bodv from the centre of force is known, 
being equal to the radius of the earth added to the line of descent, and may theroforo be also 
represented b^ a constant quantity. Let this latter be ropresented by a. Then when the intensity 
of the attractive foroe is inversely proportional to the squaro of the distance from the centre of 

force, taking s to represent the line of descent, we have _ ^ = /; therefore jp = / = z -vs ; 

^ = 0. Upon the supposition that dtiB constant, 

df , /d8\ - cP» , . mda 

dt \dtj dfi (a — »)• 

Integrating, o* = + 0. Upon the usual supposition that when o = 0, 9 = 0, 0= : 

and the coireoted integral is 

2m 2m 2ma — 2ma + 2m« 2.m.« /2m 



«• = 



2m / 9 , ... . rf» 



/2m / 8 



therefore when s = a, o is infinite. lnv = y/ — • \/ , substitute t:: for t> ; 

' ^ . a a^ 8 dt 



dt 
Taking the reciprocals, 

d 
d 



d8 __ •2m • 8 



T-='\/x — 'A/ — — ; ^^ = ^^ — a/ <'«; * = a/t: — I A/ <**• 

ds ^ 2m ^ 8 ' ^ 2m ^ « ' ^ ^^ J * 



Multiply both terms of the fraction by ^ (a — «>, we get 



* 

To find the integral of -77 ^^r , take « = Ja — «; da=— rf*; 

• o* - 4 2* 
a«-8« = Ja«-o*-(Ja« -«* + «•) = Ja« - a* - Ja* + a« - *• = Ja* - «« = 

/da .a-2« 
-77 ^^ = cos.-* ; 



We have taken « = ) a — «, therefore 

2z a — 25 



«=:}a — 5; 2* = a — 2a; 



a 

a — 2s 



' = V^2^ {<" -»•) + *-««•- °-T^} • 



When < = 0, 8 = 0; therefore the above is the oonect integral. 

If « = a, V^rt^ (as ^ ««) = 0, and ^~ ' = — 1 = cos. 180° ; therefore in this case 



2m 

a -29 

2m 2 a/Sm 



COS.-* = »; la V o--:'o'»*' = ^rfir::*» • 
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therefore the times of the deaoent of falling bodies from different heights would be as the square 
roots of the cubes of the lines of descentT upon the supposition that the force of attraction is 
inyersely proportional to the square of the aistanc»B, and that there is no resistance ; for the radius 
of the earth being constant the lines of descent will be as the distance from the point of departure 
of the falling body to the centre of force represented by a. 

A careful comparison of the results of these experiments might lead to the disooTcry of the two 
great secrets, the law of gravity near the surface of the earth, and the correction to be applied for 
the resiBtance of the air. We believe that it would be also possible to obtain the trace of the tra- 
jectory of a shell if not of a round shot at short range and slow velocity by means of photography. 
The instrument should be placed at such an angle as to bring a sufficient portion of the range 
within the field of the lens to admit of our deterauning the general law of the curve. We should 
then have an obliaue view of the range, the abscisses being foreshortened, while the ordinates 
would 'be in their due proportion ; but the angle at which the instrument had been placed witii 
reference to the line of direction being known, the abscisses could be calculated in their true 
proportions, and thus the law of the curve might be obtained. 

There are three forces to which a projectile during its trajectory is subjected— the attractive 
force of gravity, the resistance of the air, and the initial propelling force. We have spoken of the 
first two in tMs article, and the third and last will be found treated of under the heads Guk- 

FOWDEB*, 

We have little doubt that a series of experiments carefully conducted, utilizing the improved 
means and appliances now at our disposal, would lead to a much closer approximation of calcinated 
formulas to practical results than has been as yet attained, enabling us to generalize, interpolate, 
imd form corrected and at the same time practically useful tables. But to the prosecution of such 
experiments an insuperable objection anpears to arise; they require appliances and means not 
usually at the disposal of private individuals, and the eame stimulus to enterprise and risk of loss 
which exists in all matters relating te improvements in mechanical action when profit follows 
immediately upon successful results, does not exist in this case. Probably some woula be inclined, 
in the interests of science alone, te carry out experiments of this kind if they were in possession of 
the means ; but an assortment of large guns, balloons, voltaic batteries, and photographic appa- 
ratus, does not, as a general rule, form a portion of the properties of a gentleman of the period. 
Those therefore who are specially interested in facilitating the destruction of their fellow-creatures 
must only wait patiently till the matter is taken up by some of our foreign neighbours, and then, 
if they should be successful in discovering the true laws of gravity and resistance, we may be able 
te purchase the secret. But in the meantime we may console ourselves with the reflection that 
there is no absolute necessity for further discovery or improvement, for we find it stated by authority 
with reference te the effect of the resistance of the atmosphere to the motion of a projectile, that 
sufficient is known to guide the practical artillerist, and that it is only as a scientific question that 
any further prosecution of the subject is of interest, and this more on account of the difficulty of 
solution than for its practical importapoe. This fisot being established, there remains little induce- 
ment to proceed furth^ with an inquiry into the laws of gravity and the resistance of the air, for 
it is a difficult and intricate subject to deal with ; and if no practically useful results are to be 
expected, and if it is merely an abstract inquiry into the laws of nature which is aimed at, the 
world is going much too fast for anything of that sort now. But even if we have arrived at the 
summit of perfection in the matter of artillery practice, it seems to be generally admitted, since 
long ranges have become the fashion, that some mode of ascertaining the distance in action more 
accurate than the unassisted estimate by the human eye is desiraole. We shall therefore say 
a few words on this subject presently, p. 1772. 

Fig. 3376 is of an instrument employed by (General Anstmther to illustrate his system of 
gunnerr. 

1. Two bars, A B and BC, are joined by a hinge at B; they are to represent the ascent and 
descent of a projectile fired at anv elevation with any velocity. A third bar A' O' represento the 
horizontal range ; it is graduated by being divided into equal spaces of 100 yds. each, from A' 
towards C, 100, 200, 300, 400, &c., &c., yards, for the greatest range attainable. This bar A' C 
has two collars, one fixed at A', representing the place of the gun, the other movable to represent 
the point where the ball falls. Each of these collars has a ring through which the bars A B and 
B G will pass, and a milled-headed screw fixes them in their desired place. The horizontal bar is 
mounted on trestles to sdmit of the unemployed portion of A B and B G passing under the hori- 
zontal range. 

2. Then A' B G" wiU alwavs form a right-angled triangle, and we graduate A B and B G by 
dividing them so as to show the fall by gravity in the successive seconds, 1, 2, 8, 4>^te.. &o., as far 
as we wish to do it, or can calculate the fall ; then on B G we write the spaces described in the 
successive seconds, and on B A the velocity acquired ; the two bus wiU tnerefore be graduated 
thus; — 



Time 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10. &0. 


BG.. .. 


16-2 


64-4 


144 


254-4 


395 


665-2 


764-4 


992 


1247-4 


1530, &0. 


AB .. •• 


31-8 


641 


95-1 


125-6 


155-5 

• 


184-8 


213-5 


241-6 


269-1 


296, &c. 



3. These three bars thus graduated enable us to show the right-angled triangle formed by the 
simultaneous ascent and descent of any ball fired obliquely upwuds; and we prcweed to i^ow how 
the trajectory is drawn. 

4. For this purpose a set of metal rods, tinned or plated iron wire, are prepared, one for each 
second of time, as shown in our paragraph 2, where we show the space described by a falling body. 
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These are hong on the points of graduation of the obliqae ascent, in an inverted order of snooea- 
sum, that is to say, the shortest rod lowest down ; then a line drawn through the lower extremities 
or all these rods is the trajeotory. 

88TS. 




Example,— To draw the trajeotory of a ball fired at an election of 11^ 58* 56" '25, with Initial 
Telocity 7S6 ft. a second, we set the bar A B in the ring of the ooUar at A, and clamp it to show 
▼elocity 736 ft., and we oeard A B down to the desired angle, damping its vertical mt B O at a 
distance of 5877*5 ft. from A', and proceed to hang the metal rods for 1, 2, S, 4, 5, 6, 7, 8, and 9 
seconds on the oblique ascent ; the last of these meets the range eiaotly, and we toe the trajeotoij 
marked by ten given points ; our Table showing the fall by gravity will enable us to give this 
curve for the tenth parts of seconds if required. 

This instrument was offered to the service in 1864, when the model of which the above is a 
drawing was lodged in the United Service Institution. 

Fig. 3377 is of an Eleotro-Ghronoscope, invented by Major-General Anstruther, C.B. The 
object of the eleetro-ohronoscope is to measure exactly Uie time of flight of a projectile between 
two criven points. Various modes of taking the time of fUght have been in use for years. The 
simplest is a sort of dock, which is divided into 600 puts, uid which is traversed bv a hand once 
a minute, and which may be set going and stopped by touching a lever, and from which a second 
hand may be detached in its course. It indicates to tentlis of seconds : but, as the aocuraov of this * 
instrument depends upon the manipulation of the observer, it is subject to coDsiderable error. 
The self-regiBtering principle is therefore the only one which will give reliable results. 

General Anstruther had an apparatus designed by Mi. Holmes, which was entrusted to Messrs. 
Elliott for execution. The principle was in the main the same as represented in the woodcut. A 
cylinder, covered with paper soaked in a solution of ferrocyanide of potassium, had to revolve 
driven by a weight. Bmall iron wheels attached to slight springs had to trace, by decomposition, 
blue lines on the paper, on the prindple of Bain's electric printing telegmph, as long as an 
electric current passes; but when put into practice it was found that, if we may call it so, a sort 
of ink was formed which continued to mark after the current was broken, and oonsequently the 
object aimed at, extreme accuracy, was lost In conjunction with Mr. Bashley Britten, Messrs. 
Elliott altered the plan. Instead of making use of chemical decomposition by an electric current, 
they substituted metallic paper for the cylinder A, and a clockwork C for the weight. Ai a aaa 
of sketch are four electro-magnets made of the same material, in exactly the same manner, a 
matter of some importance, as we shall presently see. The keepers are attached to springs which 
carry metallic points /)/yp/i. When the dectno current makes the iron magnetic, the keeper is 
attracted, and ue metallic point presses gently on the paper ; one of the dectro-mapiets is in con- 
nection with an aocurately-ttmed seconds pendulum, which at every beat makes connection for a 



M^ ^ 



' "Tit at h^^jga magnet atfa>rt the kaapereTeryaMonJ, and doti 




. gorenuu of Hoase'a pnotisg telegnipli. 

tent complete. 

; — A galmklo battery ie oonDected with each of 

lit the pendtilnm, the aeoond the tsnet at the 

_ J .yuds distance, the fourth the target at WO fudi ; 

a>afBUie ojliader, which fa, however, not fet in motion. 

' W^potnts draw linea. After one or two revolotiolu the 

ii^caving the gun, breaks the wire of No. 1 target, and 

% target ia atmck, point No. 2 Deaaea to draw ; and 

* les to draw. The ch)okwark ia now alopped. To 

9 paper ia taken off; where point No. I haa oeaaed 

of the leomMl and third lines will gire aeoonda and 

' iDoe of the two dota mads br the pendulum, for 



either waj the pointa of the oompaw 

Dand, and each turn of the acrew will 

great or amaU. A aeoond cylinder ia provided, 

irehand ao aa to aave time. Various objectiona may 

n'e will briefly allude. Electrioiuta will point out 

*' m in the aoft iron will retard the releaae at the 

lly, by making the electro-mBgnata eiaotly alike, 

rGtardation in the release of the three different 

rinto actual 
^on might 1 
magneta; if tbia ahonld 
In the ourrenta to make them all alike. A third 
.-»j— .^ent one, ia, that when the three pcuuts draw, thera 
SffiiSu^elf releaaed; but aa the amount of friotkn can be 

[■b^bi^jindgn, each of which, with the exception of tbo 

^ f little or DO nae in aetion. The instrument, Fi^. 

.-Jut 9 ft. (3 yda.) long, mounted upon a oorriage in 

__j^nre. Two quadianta a b are attached, one at each 

iSfti^lS& of lotatirm of the movable limba of the (jnadrants 

SffjJ^wT the instrmnenta and the centree of rotation of the 

,_ iSS^IiSiiDe. With the aid of a telescope, movable in the 

_._>s.~^.— ..n^Sia^^klSiter screw, tangentsof angles of elevation or depree- 
■ >.w_~,_, ^.^_.. ,>.w-^'^a^*iafSl i^Sn/^^lSSriegree of acmuaay. The axletree-boxea are raised ao 
^S^iaS:itiS;iiJf&t'JSl^^SSSM> WtSt'iC&^the higher level to place hi« feet upon, and there Li 
^M^M^Miim. ^AWtS&tfil-^p'i^fsf him to rest bii hand upon while obaorring. The 
:^K^^^|p %lh^^<^ •f|>i»PJ^[|a'^lhe level of the gronnd, so that an obaervation oan 
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be takea with what we term the quadnnt on the lower level in a kneeling position. The bar and 
boxes rotate npon an axle placed a little above the lower qnadranti so ae to admit of the bar being 
depreased when the obeerration 

IB completed, the quadrant a £all* |g 39y& 

ing into a small case fitted to 
teoeive it at B, and the quadrant 
at 6 fitting into a similar case near 
the point O. A handle and carsak 
dy moving npon a oircnbur bar o c^ 
is attached, and there is a counter- 
weight at G in order to facilitate 
the elevatton and depression of 
the bar. 

Uteof the Instrument, — ^In Fig. 
8378 the near wheel is removM 
as well as the axletree-box on the 
near side. The tangents of angles 
of depression of a distant point 
are taken at both levels and read 
off by the observers, the distance 
or range being thus calculated or 
worked out by means of a calon- 
lating instrument, as hereaftcff 
described, by a third man ajp- 
pointed for that purpose. The 
calculating instrument is shown 
in Fig. 8380, a small platform at 
B being constructed to work the 
calculating instrument upon. 

If the radius or range of the 
quadrants a b eaual 10 in., divided 
into tenths, ana if the micrometer 
screw divides -,1^ of an inch into 
100 equal parts, then the 10-in. 
radius = lOOOO ; such equal parte 
and the difference of the tangente 
of the two observed aneles at a 
and 6 may be found to be jv^ 
of an inch = '0001 =20" '6 nearly; 
If neater aoenraey be required, 
and a ^ vernier be applied to 
the micrometer screw, tnen the 
radius is taken = 100000 equal 
parts, and the tangente are mea- 

■"'«* *o TviAnni of •>» inch = 
-00001 =r tengent of 2" nearly. 

The principle upon which the 
instrument, Fig. 8378, works may 
be shown as follows ; — 

Let 9 = Z of observation at 
the higher level, a$e. Fig. ^79 ; 
^ = Z observed an^ at tbe 
lower elevation, bdc; r = t d^ the 
length of the vertical bar a 6, 
Fig. 8878 ; R = (f 6, the horiaontai 
range; c the position of tiiie 
enemy's battery ; then 

9d: bo :: do : ob; 

.-. «d: («(f+6c) :: <f o : ((fo+o6). 

Since t(fs a6, we have (tan.e 
-tan.O :taD.«::rcotan.e:B: 

tan.9cotan. -^ 
r-. . . = B; 




S380. 



tan.a-.tan.^ 

1 

tan.9-tan.r 



r = B. 




In this demonstration we put 

the radius = 1 ; but suppose the 

radiua = 10000 equal parts, which we take as a whole* number, then the horizontal range 

T X 10000 
^ = !i — 2 — n — 3 • Now if tan. 9 measnres 2 in. 4-10th8 and 68 from the micrometer drole, and 
tan* 9 » tan. 9r 
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tan. e* s 2 in. l-lOths and 48 from the micrometer cizcle, then tan. B - tan. 9^ s 2409 — 2448 == 21. 

30000 
and as r = 8 yds., we have B = -^j— = 1429 yds., the horizontal range very nearly. The 

calculating inBtmment before alluded to, Fig. 8380, forms a vast variety of similar triangles, 
which instantly give a fourth proportion to tan. e - tan. e', r, and 10. The divisions on the sides 
B, B : D, E, are all equal and not in logarithmic order. Tlie calculating instrument consists of 
a circular din F G attached to a vertical limb B B, upon which two horizontal limbs D and £, 
with clamping screws, slide vertically; upon the lower branch of the limb B B a small marker a, 
with clamping screw, slides vertically ; a diagonal bar A A revolves upon the centre point of the 
circular disc ; two small tables of tangents F and O are engraved upon the digo. The instrument 
is worked as follows ;— While the first obeervation is being taken on the higher level, move the 
horizontal limb £ to 10 on the upper branch of the vertical limb B B and clamp it ; upon the 
observation at the higher level being taken and read of^ move the marker a on the lower branch 
of the vertical limb B B to the number answering to tan. ; upon the obeervation at the lower level 
beinff read o£E^ move the horizontal limb D till the number answering to tan. 0' coincides with the 
number on the vertical limb B B indicated by the marker a, and clamp it. Bring tiie revolving 
diagonal bar to the number on the horicontal limb D corresponding to r. The upper arm of the 
diagonal bar will indicate a number which multiplied mentally by 10, 100, or 1000, according to 

the graduation of the instrument, will give the horizontal range. Nolan makes r = -, — j- ^ , 

sm. (/S + y) 
and tries to obtain results bv divisions put in logarithmic order on circular rings. Nolan's reasoning 
looks extremely scientific, but in practice all such performances are extremely ridiculous. Bee 
Ansmometeb. Anqulab MonoK. AanLLEBT. Dammzno. Dtn amometkb. Gunfowdkb. Gtba- 
•noN. Obdnanob. Oscillation. Pbboubbion. 

GUNPOWDER. Fb., Fandrt h oonoii; Geb., ScMestpuher ; Ital., Foivere da oannoHa; Span., 
Pdivora. 

The mechanical part of the manufacture of gunpowder is essentially the same in principle, and 
differs only to an immaterial extent in detail, whether in ^e various gunpowder mills in Great 
Britain or in those of the Continent. 

The annexed engravings show a complete set of gunpowder machinery, manufactured for the 
Japanese Government by J. and H. Gwynne, of the Buunmersmith Iron Works, London. In conse- 
quence of the objection to steam-power as increasing the danger of explosions, and the absence of 
su£9cient water, it was found necessary to drive the mills by cattle-power. 

Fig. 3381 shows a side view of the pulverizing miU, Fig. 3382 a front view of the same; 
Fig. 3383 shows the arrangement of the cattle track ; Fig. 3384 the front view of the incorporating 
mill; Fig. 3385 is a side elevation of the cattle track; Figs. 3386, 3387, diiferent views of the 
charcoal sifter; Figs. 3388, 33^ different views of the mixing barrel; Figs. 3390, 3391, different 
views of the glazing cylinder; Figs. 3392, 3893, different views of the hydraulic press and pump; 
Figs. 3394, 3395, different views of the breaking-down cylinder. 

Figs. 3396 to 3402 exhibit another arrangement of gunpowder machinery, made for the Italian 
Government by J. and H. Gwynne. In this case water-power was available, and was thus made use 
of to drive the machinery by means of two turbine water-wheels, as shown. Figs. 3396, 3397, show 
a plan and section of the house containing the miUs ; Figs. 3398, 3399, show a section and plan of 
the house containing mixing barrels, glazing cylinders, machines for breaking down and siftmg the 
gunpowder; Fig. 3400 is the packing house; Fig. 3401 the house containing hydraulic presses; 
Fig. 8402 the house for sifting charooaL The houses are all made of as slight material as possible, 
so that in case of an explosion the powder has as little surface to act upon as possible, and are placed 
at such a distance apart so that the one may not be endangered by tne other. The machinery in 
Figs. 3396 to 3402 is exactly similar to that in Figs. 3381 to 3395, but on a somewhat larger scale. 

Figs. 3403 to 3406 give sectional views of the pulverizing and incorporating mill to a larger 
scale. This machine is made upon the latest and most improved construction, the rolls and pan 
being made of out iron, which after many experiments has been found to be the most suitable 
mat^ial for the purpose ; the upright and cross spindles aie both made of wrought iron, working 
in gun-metal bearings at each end ; the outside friune of the pan is made of wood, and the whole is 
worked from the main driving ahsti by a pair of bevel-wheels, as shown in Fig. 3403. These 
details are necessary in order to explain the full working of the machinery. 

The materials having been pulverized in the mill. Fie. 3381, are apportioned out, the following 
being the proportions lUBsd at the Government mills» Waltham Abbey, and also by other makers 
generally ; — 

IbiL OS. dnfihwia 

Saltpetre 81 8 

Charcoal 6 4 13 

Sulphur 4 8 8 

42 

This anantity of the ingredients, termed a charge, is placed in the mixing apparatus, Figs. 
8388. 8389, which consists of a wooden cylinder, traversea in its centre by an octa^nal shaft 

Sronded with several fan-like arms. Both the shaft and cylinder are kept in motion, but in 
ifferent directions. This latter anauffement so facilitates the commingling tnat the homogeneous 
powder is ready for removal and furwer manipulation in ih>m five to ten minutes, when it is 
transferred to bags which are pressed, and the mouths of which are firmly secured, in order to 
prevent the disunion or separation of the ingredients in the order of their density during the 
transport to the incorporating mill. It is evident if the oharges were too lightly packed the ingre- 
dients would be liable to be separated, the saltpetre finding its way to the bottom, while the 
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salphur and charcoal would form layers above, the latter, from its light pulverulent state, escaping 
in the form of dust between the fibres of the cloth of which the bae is formed. 

The neiLt process is the Incorporation. The mixture is spread out upon the bed of the mill. 
Fig. 3384:, and distilled water is added to ensure the intimate cohesion of the particles, and the 
whole is again submitted to the action of the mill to ensure the uniform pressure and bruising of 
the ingredients ; but in this case the motion is less rapid than during the grinding of the ingre- 
dients. A great degree of caution must be exercised to prevent the intervention of any hard or 
silicious matters. The requisite amount of moisture must be maintained during the operation, 
and for this purpose water is slowly added at suitable intervals till the incorporation is complete, 
which is generally the case at the expiration of from three to four hours. 

The compound has now the properties of gunpowder; it indurates in a very short period, 
forming hara cakes, termed mill-cake. When it has lost some of its moisture, but before it 
becomes completely dry, it is passed between the breaking-down cylinder, Figs. 3394, 3395, and 
is then submitted, between copper plates placed in strong boxes, to hydraulic pressure of about 
150 tons to the sq. ft., in the press house, Figs. 3392, 8393. 

The powder has now to be granulated, and for this purpose it is placed in the breaking 
cylinder, Figs. 3394, 3395, and afterwards sifted by hand to the various degrees of fineness. The 
finest powder is then placed in the glazing cylinder, ¥Sgs. 3390, 3391, in a slightly moist state, and 
revolved very slowly, so that the grains become polished by attrition. The gunpowder is finally 
dried, which is now generally done by means of steam heat, and sometimes by a current of 
air, previously heated in another chamlier from 130^ to 150^, passing over the powder placed on 
canvas shelves. 

On Fig. 3403 the footstep B will have to be covered with wood, in order to prevent the grains 
of powder being exploded from getting between the shaffc and brass. 

By mixing intimately saltpetre with charcoal or with sulphur, we obtain substances which, 
when subjected to a high temperature, deflagrate and suddenly develop a lor^e volume of gas. 
When the combustion takes place in a contracted space considerable pressure is exerted on the 
surrounding walls of this space, and if one of these do movable, it may be projected with more or 
less force. 

If, for example, 1 equivalent of nitre EO,NO« is mixed with 1 equivalent of carbon, there are 
produced, by detonation, 1 equivalent of carbonate of potassa, 1 equivalent of nitrogen, and 8' equi- 
valents of oxygen; KO,N04+0=KO,GO,+N+S0; 2 volumes of nitrogen and 8 of oxygen will 
therefore be disengaged. 

We may calcukite by approximation the volume of gas developed by one volume of the deto- 
nating mixture. 1 equivalent of nitrate of potassa weighing 1264*3, and 1 equivalent of carbon 
weighing 25 * 0, the weight of the mixture will therefore be 1339 * 3. Assuming that this pulverized 
mixture occupies the same volume as an equal weight of water, we can admit that a weight 
1339*3 grammes of the mixture will occupy a volume of 1*339 lit. Now, this weight of the 
mixture develops 1 equivalent = 175 of nitrogen, and 3 equivalents = 300 of oxygen. 

« 

1 lit. of nitrogen, at 32% under a pressure of 0*760 m., weighs 1 *257 gramme. 
1 „ oxygen „ „ „ „ 1*429 „ 

The volume occupied by the nitrogen at 32^, and under a pressure of 0*760 m., will be given by 
the proportion 1*257 : 1 '000 :: 175 : x, whence or = 139*2 lit. The volume occupied by the 
disengaged oxygen under the same circumstances wUl be deduced from the proportion 

1*429 : 1*000 :: 300 : y, whence y = 209*9 lit. 

Thus a volume of detonating mixture represented by 1*339 lit. yields 349*1 lit. of gas at 32°, 
and under a pressure of 0*760 m. — a volume 253 times greater than that of the explosive sub- 
stence. The volume of gas, at the moment of development, is really much larger than we have 
just found, being strongly dilated by the high temperature produced by the combustion ; and we 
may safely admit that the expansion is at least three times greater than that given by calculation, 
when the gas was supposed to have a temperature of 32^. 

If 1 equivalent of nitrate of potassa is mixed with 2 equlvalente of carbon, then 1 equivalent 
of carbonate of potassa, 1 equivalent of nitrogen, 1 of carbonic acid, and 1 of oxygen are formed ; 
K0,N0.+20=K0,C0,+N-f-00,+0. The equivalent of carbonic acid being represented by 
2 volumes, it will be seen that 5 volumes of gas are stUl disengaged ; that is, that the expansion is 
the same as in the preceding case. The projectile force may, however, be greater if a nigh tem- 
perature be developed during the combustion. 

Lastly, if 4 equivalents of carbon are added to 1 equivalent of nitre, then 1 equivalent of 
nitrogen and 3 equivalents of oxide of carbon are disengaged ; KOjNOj-f 4C=KO,CX),+N4-8CO. 
1 volume of oxide of carbon containing only a } volume of oxygen, it is evident that 6 volumes of 
oxide of carbon will be developed ; the gaseous volume will therefore be equal to 8. Thus there 
will be a greater production of gas than in the two preceding cases. The projectile force might, 
however, be less, if the heat developed be not so great. Moreover, in the mixture we have just 
supposed, a great portion of the carbon does not ignite. 




a mixture 

potassa, 

4 volumes of gas will therefore be formed. 

With 1 equivalent of nitre and 2 equivalents of sulphur we have 

KO,NO,+28=KO,SO,+N-^80, ; 
that is, again 4 volumes of gas ; for the equivalent of sulphurous acid is represented by 2 volumes. 
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A mixture of 1 equivalent of nitfe with 4 eqniyalenti of milphiir gives 

KO,NO»+48=ES+N+SSO.: 

2 volumee of nitrogen and 6 volames of Bulphurona aoid will therefore be disengaged ; in all, 
8 volumes of gas. In fact, however, the gaseous volume is less oonsiderablei owing to the incom- 
plete combustion of the sulphur. 

Mixtures of nitre and carbon generally produce a ^;reater volume of gas than mixtures of nitre 
and sulphur; but the latter have the advantage of bemg more combustible. 

Experiments have proved that the mixtures poesessing the greatest projectile force consist of 
nitre, carbon, and sulphur. A mixture pf 



1 equivalent of nitre 1264 

1 equivalent of sulphur 200 

6 equivalents of carbon 450 

1914 



660 
10-5 
28-5 

1000 



gives KO,NO»+J9+6G=KS+N+6GO; that is, 14 volumee of gas. But in reality the gaseous 
volume is less considerable, because a large portion of the carbon escapes combustion, and the 
temperature does not rise v^ high. 

The following mixture pessesses a greater projectile force ; — 



1 equivalent of nitre 1264 

1 equivalent of sulphur 200 

8 equivalents of carbon 225 

1689 



74-8 
11*9 
18-8 

1000 



We then have KO,KO.+S+80=K8+N+900s, with the disengagement of 8 volumes of gas. 

We may calculate by approximation the volume of gas produced by a volume (1) of this mixture. 
Let us again admit that tne mixture occupies the same volume as an equal weight of water. We 
shall say that 1689 gnunmes of the mixture, or a volume of 1 * 689 lit., aisengages 175 grammes of 
nitrogen = 189*2 lit., and 825 grammes of carbonic aoid = 417*8 lit.; total gaseous volume 
= 556*5 lit. A volume (1) of the detonating mixture wUl therefore produce 829 times its volume 
of gas at 82^ and under a pressure of 0*760 m. of mercury. 

The numerous experimente made in all countries to discover empiiicalljr the best composition 
for powder show that it diould be as approximate as possible to that just now theoretically 
developed. 



In France three different compositions are in use. 
For war powder — 

Saltpetre 75*0 

Bulphur 12*5 

Charcoal 12*5 



1000 
For sporting powder — 

Saltpetre 76*9 

Sulphur 9*6 

Charcoal 18*5 



100*0 
For blasting powder — 

Saltpetre 62*0 

Sulj^ur 20*0 

Charcoal 180 



1000 



Prussian war powder shows the following com- 
position — 

Saltpetre 75*0 

Sulphur 11*5 

Charcoal 18*5 



English and Austrian war powd 

Saltpetre 

Sulphur 

Charcoal 



1000 



75*0 
100 
15*0 



100*0 
Swedish war powder — 

Saltpetre 75*0 

Sulphur 16*0 

Charcoal 9*0 



100*0 



Chinese powd( 

Saltpetre 75*7 

Sulphur 14*4 

Charcoal 9*9 



100*0 



French blasting powder is the only one which differs remarkably from the theoretical composi- 
tion just indicated; this is because a great projectile force is not required, and the Government, 
which imposes a considerable tax on sporting powder, endeavours to manufacture a blasting 
powder such that it cannot be substitutea for the former. This powder has, indeed, less strength, 
and fouk the gun very rapidly. 

Powder should satisfy several conditions, which vary according to the weapon in which it is to 
be used. When it is very explosive, and the explosion of tiie cha^ is instantaneous, the reaction 
on the walls of the weapon is sodden and violent frequently causing the weapon to burst ; the 
powder is then said to be too explosive. U the powder is not suiBoientiy explosive, the projectile is 
thrown fh>m the weapon before all the charge is burned ; a portion of the latter, tnerefore^ is 
uselessly inserted ana wasted. The powder most suitable for ejiy given weapon is that which, 
bumins perfeoUy whilst the projectile passes through the chambw of the piece, communicates to 
it, gradually, and not instantoneoosly, the whole projectile force of which it is capable. Hence 
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the quality of the Dowder must vary according to the nature of the piece in which it is naed. With 
equfd quantities or the ingredients the quality of the powder can still be altered, by using charcoal 
more or leas carbonized, by giving the substance a greater or less degree of compactness, or by 
varying the size of the grain. 

Before proceeding to study the manufacture of the various kinds of powder, we shall investigate 
the preparation of its primary components. 

Saltpetre.-^The saltpetre used in the manufacture of powder is the refined nitre. This nitre is 
remarkably pure, and rarely contains more than two or three thousandths of sea-salt. It comes 
from the refinery in very small crystalline grains, and in this state is used in the manufacture of 
powder. * 

^ti//>Attr.— Powder mills purchase the refined sulphur in rolls. It must be reduced to an impel- 

Eable powder, which is effected in wooden drums, Figs. 3407, 3408, having on the inside wooden 
rackets a, 6, arranged along 
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the edges of the cylinder. 
These ^ums are cylindrical, 
and about I^^'IO long, with a 
diameter of about 1"> * 15 : they 
revolve on a horizontal iron 
axis 00'. Through a door 
abed, which is furnished with 
iron handles m'm, the mate- 
rial is introduced. Pulveriza- <, 
tion is effected by means of 
small brass balls, of about 5 
or 8 millimetres in diameter, 
of which each drum contains 
150 kilogrammes: 80 or 40 
kilogrammes of sulphur are^-.. 
added, and the drum is made ^m 
to revolve for six hours, during ^^ 
which time the balls, rolling 

with the sulphur, crush it and reduce it to extreme fineness. In order to 
withdraw the sulphur, the door of the drum is removed, and replaced by a 
similar door abed, the panels of which are of wire gauze. Fig. 3409; bv 
causing the drum to revolve five or six times, the sulphur escapes through 
this door, leaving the balls in the drum. 

The powdered sulphur is sifted in a bolting machine, similar to that used 
for bolting flour; the particles which have not been sufficiently pulverized are thus separated, 
as well as any small grains of sand, which might occasion accidents in the manufacture of the 
powder. 

The charcoal destined for the fabrication of powder must be most carefully selected. All kinds 
of wood are not suitable for the preparation of this charcoal : the tender and light woods, which 
yield a friable, porous charcoal, leaving very little ash, are preferred. 

The woods moat esteemed are the black alder and spindle-tree : poplar and chestnut may also 
be used. Hemp stalks, likewise, yield a very good charcoal. 

The wood of the black alder is exclusively used in France. The branches of about 15 or 20 
millimetres in diameter are preferred ; and if larger branches are used, they are first split. The 
bark is always removed, as it gives too much ash. These branches are cut into lengths of fix>m 
1*5 to 2 metres, and tied in bundles weighing from 12 to 15 kilogrammes. 

The carbonization is never effected in kilns, as common charcoal is made, but in pits or in 
cylinders. 

CarbonigcUion in Pits. — Cylindrical pits, about 1"''5 in diameter and 1*'2 in depth, are exca- 
vated in the earth and lined with bricks, and filled with the wood, cut into pieces of 0"'30 in 
length, until the heap rises to the heizht of a few decimetres above the mouth of the pit. Fire is 
communicated through a hole at the bottom ; and as the combustion advances, the branches are 
raised with a fork, so as to allow the fire to be regularly distributed. The pile gradually sinks, 
and fresh wood must be added to keep the pit full. When a flame is no longer seen, the mouth of 
the pit is hermetically closed by a sheet-iron lid, and the carbonization is then flnished without 
access of air. The pit remains closed for three or four days, in order entirely to extinguish and 
cool the charcoal. It is then opened, the charcoal removed, and conveyed to the sorting room, 
where it is most carefcdly sorted by hand ; such branches as have not been sufficiently carbonized 
and the half-burnt pieces are rejected, as also those which are too much carbonized, and therefore 
would make bad powder. The good charcoal should be used immediately, as it sensibly deteriorates 
by exposure to the moist air. 

By carbonization in pits, about 18 to 20 per cent, of charcoal is obtained. 

Carbonixatian m Cylinders, — This pxpccss yields a much larger proportion of charcoal ; its quality 
is also more constant and uniform, because the fire can be re^ilated at will, and the carbonization 
can be arrested at the proper moment. 

The cylinders C, 0, FigSw 3410, 3411, are arranged in pairs in the same furnace : they are made 
of cast iron, having 2 metres in length and about 0"'70 in diameter. One end of the cylinder is 
dosed by a cast-iron lid, having four circular openings, through which pass four sheet-iron tubes, 
Hapq,mn. Three of these tubes, which serve for tiie introduction of sticks of wood, are dosed 
externally with wooden plugs, which can be withdrawn from time to time, so as to observe the 

Srogress of the carbonization. The fourth is open, and gives exit to the gases which are evolved 
uring the process. A curved copper tube n o is fitted to one end of it, opening above a funnel Vf 
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for a suooeeding operation, it is sufBoient to obtain somo for the first operation, for 'which the 
angolar powder, of the size of musket powder prepared in the stamping machine, is employed. 
The grains which are too large, and the irreguliar pieces which remained on the equalizer, aie 
broken b^ means of the cake, and used as a nucleus for the snooeeding operation. 

Blasting powder is glazed as well as sporting powder, in order to increase its density. This 
operation is effected in the second drum G H F D. 200 kilogrammes of equalized grains are intro- 
duced, and it is turned for four hours ; by direct experiment it is ascertained when the grain has 
acquired sufficient density. For this purpose 60 grammes of the glazed grains are poured into 
a graduated test-glass; the fpnAn is considered as sufficiently glazed when the level of the 
material rises to a certain division in the instrument. The glased grain is dried in the ordinary 
way. 

Round war powder is manufactured by the same method, the usual proportion of the ingre- 
dients for war powder, 25 of saltpetre, 1 2 * 5 of sulphur, and 12 * 5 of oharooal being employed. Two 
kinds of equalized grains are separated ; those of which the diameter is between 1""*2 and 2"**1 
constituting cannon powder; and musket powder, the diameter of the grains of which varies from 
1«— Otol—20. 

Analysis of Powder, — ^The analysis of powder is a tedious and delicate operation, when the pro- 
portions and nature of its components are to be ascertained very exactly. The first operation is 
to determine the proportion of hygrometrio water the powder contains, for which purpose a Imown 
weight of powder ia exposed for several days in a dry vacuum, and the loss it experiences ascer- 
tained ; or else the substance is placed in a U-ahapod tube, kept at a temperature of 60° or 70°, 
and traversed by a current of dry air. 

Ten grammes of dry powder are then treated with hot water, which dissolves the nitrate of potassa. 
The insoluble residue, composed of sulphur and chareoal; is collected on a smsJl filter, which has 
been previously dried and weighed. When this residue has been properly washed, it is dried with 
the filter at a moderate temperature, and weighed ; by subtracting from this weight that of the 
filter above, the weight of the sulphur and chiBirooal is obtained. After separating, as carefully 
ahd completely as possible, the substance from the filter, it is again weighed in a small bottle 
and treated with sulphuret of carbon, which may be mixed with an equal volume of ether, 
without too much impairing its solvent power. The charcoal which remains isolated is collected 
on a small filter previously dried, and weighed after a second desiccation, after having been well 
washed in a mixture of sulphuret of carbon and ether. The weight of the sulphur is thus 
obtained by the difference. It may, however, also be weighed directly afler evaporating, at a low 
temperature, the solvent which contains it. The charcoal of the powder is not pure carbon ; it 
conti&ins, as the carbonization ia always imperfect, a considerable proportion of oxygen and 
hydrogen ; but, as the chemical nature of the charcoal exerts great umuence on the qualitv of the 
powder, it is important, in an accurate analysis, to ascertain the amount of carbon exactly. An 
idea may be formed of the composition ;of charcoal by the following numbers, obtained from the 
analysis of the red charcoal used in the manufacture of sporting powder ; — 

Carbon 71-42 

Hydrogen 4*85 

Oxygen and nitrogen 22*91 

Ashes 0*82 



100 00 



The quantity of sulphur contained in powder may also be determined by operating directly on 
the powder itself. To efiect this 10 grammes of dry powder are dissolved in a small quantity of 
hot water, nitric acid is added, and, afler allowing uie fluid to boil, small quantities of chlorate of 
potassa are gradually introduced. Under the influence of tliese oxidizing agents the sulphur is 
dissolved in the state of sulphuric acid, which is precipitated, after the liquid is filtered, by 
chloride of barium. The precipitate is allowed to settle, the clear liquid poured on a filter, and 
the precipitate, after being ooiled for a few moments with chlorohydric acid, to dissolve the nitrated 
it might contain, is collected on the same filter and weighed after calcination. 

Ten grammes of dry powder may also be mixed with an equal weight of nitrate of potassa and 
four or five times its weight of chloride of sodium ; the mixture being thrown, in small quantities 
at a time, into a platinum crucible, defiagratee slowly, without any loss of the material. It is 
subsequently treated with water, and the sulphuric acid is precipitated by chloride of barium, 
after supersaturating the liquid with chlorohydric acid. 

It has also been proposed to dissolve the sulphur of the mixture of sulphur and charcoal, by a 
solution of monoeulphide of sodium, or of hyposulphite of soda ; but this process is useless, bcioauso 
the charcoal, being always considerably attacked by these alkaline liquids, gives off a peculiar 
acid, called "uimic acid. 

Very frequently only the quantity of saltpetre contained in powder is to be ascertained. Tliis 
is easily done by treating 50 grammes of powder with 200 grammes of hot water, and filtering the 
liquid into a test-glass having a mark at the level corresponding to 500 cubic centimetres. The 
material is washed with water on a filter until the^ filtrate reaches the level. The liquid is then 
cooled to 60°, the contraction it undergoes by cooling being compensated by the addition of a small 
quantity of water ; it is then well shaken to render it homogeneous, and a peculiar areometei\ 
graduated so that its level will mark immediately the hundredths of nitrate of potassa contained 
in the 50 grammes of powder, is dipped in. In this manner the proportion of nitrate of potassa 
may easily be determined, to very nearly a half-hundredth. 

Gtm-ooUon, — ^The chemical constitution of gun-cotton has been conclusively established by the 
researches of Hadow. In the formation of substitution-products by the action of nitric acid upon 
cotton or cellulose, three atoms of the latter appear to enter together into the chemical change, and 
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the number of atoma of hydrogen replaced by peroxide of nitrogen in the treble atom of oellnlose 
Oi,HmO,«=8(0«Hi,0.) may be nine, eight, Beven, or six, according to the degree of concentration 
of the nitric acid employed. 

The highest of these Bubstitntion-producta is trinitnv^elluloae, pyroxilin, or gun-cotton — 

0|,(H}U jOis = 3 ^efSjo}^** ^^ being the aubatanoe first produced by Pelouze in an impure 

condition! in 1888, by the action of yeiy concentrated nitric acid upon paper, or fabrics of cotton or 
linen, and afterwards obtained in a purer form by Schonbein, who employed a mixture of concen- 
trated nitric and sulphuric acids for the treatment of cotton-wool ; the object of the sulphuric acid 
being to abstract water of hydration flbm the nitric acid, and also to preyent the action of the 
nitric acid from being interfered with by the water which is produced as the chemical transforma- 
tion of the cotton into gun-cotton proceeds. The formation of trinitro-celluloso is represented by 
the following equation ; — 

0.H..0. + 8 {^0.) O = C. {mJo,} O. + 3 {1} O- 

Gokton. Nitric Add. Gim-oottoo. Watec 

The lowest snbstitution-produet for cotton, of those named above, appears to have the aame 
composition as the substance which Braconnet first obtained in 1882, by oissolving starch in cold 
concentrated nitric acid, and adding water to the solution, when a white, highly-combustible sub- 
stance ia precipitated, to which the name of Xyk/tdin was given. The substitution-products from 
cotton, intermediate between the lowest and highest, are soluble in mixtures of ether and alcohol, 
and funush by their solution the important material collodion^ so invaluable in connection with 
photography, surgery, experimental electricity, and so on. 

According to Schonbein's original prescription, the cotton was to be saturated with a mixture 
of one part of nitric (sp. gr. 1 *5) and three parts of sulphuric acid Tsp. gr. 1 *85), and allowed to 
stand for one hour. In operating upon a small scale, the treatment of cotton with the acid for that 
period is quite sufficient to efiect its comi^ete conversion into the most explosive product pyroxiiin^ 
or trinitnhc^uhse ; but when the quantity of cotton treated at one time is considerable, especially 
if it is not very loose and open, its complete conversion into pyroxilin is not effected witii certain^ 
unless it be allowed to remain in the acid for several hours. This accounts in great measure for 
the want of uniformity observed in the composition of gun-cotton and its effects as an explosive in 
the earlier experiments instituted ; and it is moreover very possible that the want of stability and 
consequently even some of the accidents which it was considered could only be ascribed to the 
spontaneous ignition of the material, might have been due to the comparative^r unstable character 
of the lower products of substitution, some of which existed in the imperfbotly-prepaxed gun- 
cotton. 

The system of manufacture of gun-cotton elaborated by General von Lenk is founded upon that 
described by Schonbein ; the improvements which the former has adopted all contnbute importantly 
to the production of a thoroughly uniform and pure gun-cotton ; there is only one step in his pro- 
cess which is certainly not essential, and about the possible utility of which chemical authoritiee 
ore decidedly at variance with General von Lenk. 

The following is an outline of the process of manufacture of gun-cotton as practised by Lenlc 
See Atomio Weights. The cotton, in the form of loose yam of different sizes, made up into hanks, 
is purified from certain foreign vegetable substances by treatment for a brief period with a weak 
solution of potashes, and subsequent washing. It is then suspended in a weli-ventilated hot-air 
chamber until all moisture has oeen expelled, when it is transferred to air-tight boxes or jars, and 
at once removed to the dipping tank, or vessel where its saturation with the mixed acid is effected. 
The acids of the specific gravity }>rescribed by Schonbein are veiy intimately mixed in a suitable 
apparatus in the proportions originally indicated by that chemist ; that is, three parts bv weight 
of sulphuric acid to one of niMc acid. The mixture is always prepared some time before if is 
required, in order that it may become perfectly cool The cotton is immersed in a bath of the 
mixed acids, one skein at a time, and stirrea about for a few minutes, until it has become 
thoroughly saturated with the acids ; it is then transferred to a shelf in this dipping trough, 
where it is allowed to drain, slightly pressed to remove any large excess of acid, and afterwiuda 
placed in an earthenware jar, provided with a tightly-fitting lid. which receives six or eight skeins, 
weighing from 2 to 4 oz. each. The cotton is tightly pressed down in the jar, and if there be 
not sufficient acid present just to cover the mass, a little more is added : the proportion of acid to 
be left in contact with the cotton being about 10} lbs. to I lb. of the latter. The charged jars are 
set aside for forty-eight hours in a cool plac6, where they are kept surrounded by water to prevent 
any elevation of temperature and consequent destructive action of the acids upon the gun-cotton. 
The same precaution is also taken witn the dipping trough, as oonsiderable heat is generated 
daring the first saturation of the cotton with the acids. At the expiration of forty-eight hours the 
gem-cotton is transferred from the jars to a centrifugal machine, by the aid of which the excess of 
acid is removed aa perfectly as is possible by mechanical means, the gun-cotton being afterwards 
only slightly moist to the touch. The skeins are then immersed singly in water, and moved 
about briskly, so as to become completely saturated with it as quickly as possible. This result 
is best accomplished by plunging the skeins under a fall of water, so that they become at once 
thoroughly drenched, if they are simply thrown into the water ana allowed to remain at rest, the 
heat produced by the union of a portion of the free acids with a little w^ter would be so great as 
to establish at once a destructive action upon the gun-cotton by the acid present. The wadiing of 
the separate skeins is continued until no acidity can be detected in them by the taste ; they are 
then arranged in frames or crates and immersed in a rapid stream of water, where they remain 
undisturbed for two or tliree weeks. They are afterwards washed by hand to free them twm 
mechanical impurities derived from the stream, and are immersed for a phort time in a dilute 
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boiling Bolniion of potashes. After this treatment, they are retomed to the stream, where they 
again remain for soTeral days. Upon their removal they are once more washed by hand, with soap 
if neoeasary ; the pure g^nn-ootton then only requires drying by snfflcient exposure to air at a tempe- 
rature of about 27® C. to render it readv for use. A supplementary process is, however, adopted 
by General von Lenk, about the possible advantage or use of which nis opinion is not shared by 
others. This treatment consists in immersing the air-dried gpin-cotton in a moderately strong hot 
solution of soluble glass (silioate of potassa or soda) for a sufSoient period to allow it to become 
completely impregnated, removing the excess of uquid by means of the centrifugal machine, 
thoroughly drying the gun-cotton thus siLicated, and finally washing it once more for some time 
until sB alkali is abstracted. Lenk considers that by this treatment some silica becomes deposited 
within the fibres of the gun-cotton, which, on the one hand, assists in moderating the rapidity with 
which the material bums ; and, on the other hand, exereisee (in some not yery evident manner) a 
peservative effect upon the gun-cotton, rendering it less prone to undergo even slight changes by 
leeping. The mineral matter contained in pure gun-cotton which has not been suomitted to this 
partiomar treatment amounts to about 1 per cent. The proportions found in specimens which 
nave been silioated in Austria and in this country, aoconung to Lenk's directions, vary between 
1*5 and 2 per cent. It is difficult to underatand how the addition of 1 per cent, to the minenil 
matter, in the form chiefly of silicate of lime and magnesia, the bases being derived from the water 
used in the final washing, which are deposited upon and between the fibres in a pulverulent form, 
can influence to any material extent eitner the rate of combustion or the keeping qualities (^ the 
product obtained by Lenk's system of manufacture. 

Gun-cotton prepared according to the system just described is exceedingly uniform in compo- 
sition. The analyses prepared both in Austria and at Waltham Abbey have furmshed results 

corresponding accurately to those required by the formula Ptlo^rQ }0s. In its ordinary air-dry 

condition it contains, very uniformly, about 2 per cent, of moisture — an amount which it absorbs 
rapidly from the air when it has been dried. The proportion of water existing in the purified air- 
dned cotton, before conversion, is generally about o f&t cent. When pure gun-cotton is exposed to 
a YGTY moist atmosphere or kept in a damp locality, it will absorb as much as from 6 to 7 per cent. ; 
but if it be then exposed to air of average dxynees, it verv speedily parts with all "but the 2 per cent, 
of moisture which it ccmtains in its normal condition. It may be preserved in a damp or wet stete 
apparently for an indefinite period without injury ; for if afterwards dried by exposure to air, it 
exnibits no signs of change. 

The ffcneial properties of gun-cotton as an explosive agent have long been popularly known to 
be as follows ;— -When inflamed or raised to a temperature ranging between 137^ and ISO'' G., it 
bums with a bright flash and large body of flame, unaccompanied by smoke, and leaves no appre- 
ciable residue. It is far more rosily influenced by powerful peroussion than gunpowder ; the 
compression of any particular portion of a maes of loose gun-cotton between rigid surfaces will pre- 
vent that part from burning when heat is applied. The products of combustion of gun-cotton in 
air redden litmus paper powerfully ; they contain a considerable proportion of nitric oxide, and act 
rapidly and corrosively upon iron and gun-metal. The explosion of gun-cotton when in the loose, 
csjrdea condition— the form in which it was always prepared in the early days of its discovery — 
resembles that of the fulminates in its violence and instantaneous character. In the open air it 
may be inflamed when in actual contact with gunpowder without Igniting the latter ; in a con- 
fined space, as in a shell or in the barrel 6( a gun, the almost instantaneous rapidity of its explosion 
produces effects which are highly destractive as compared with those of gunpowder, while the pro- 
jectile force exerted by it is comparatively small. 

In 1864 the memben of a committee appointed by Goyemment examined a number of miners 
on the question of the relative advantages of gunpowder and nm-cotton when the latter was used 
in the form of hollow rope. The conclusion anived at vras, that gun-cotton was superior to gun- 
powder, especially when used in solid rooks; but that, taking into consideration the respective 
prices of the two materials, the extra care required with the cotton, and the injurious effects from 
inhaling its vapours, it was not the more useful of the two. 

Experiments were, howeyer, made by Thomas Sopwith and F. A, Abel, in 1865^ with gun- 
cotton made from pulp. 

The gun-cotton used in the experiments was in two fonns, granulated and compressed. 

The granulated gun-cotton was prepared from gun-ootton pulp, by mixing it, when dry, with 
10 per cent of its weight of gum arable, dissolved in sufficient water to render the gun-cotton 
operated upon at one time just wet to the touch ; after which the material was shaken for some 
time in a dram. By this treatment the gun-cotton assumes a granulated form : the globular 
nains produced vary in size^ between that of coarse small-arm powder and the coarrest form of 
blasting powder. 

The compressed gun-cotton consisted of square pieces measuring from } to } in. across, and \ to 
i in. in thickness. These were obtained by cutting up slabs of gun-cotton, prepared from pulp 
compressed to a density of about 50 lbs. the cubic foot. 

The gun-cotton was sent to Allenheads, for the experiments, in the form of 1 os. and ) os. 
charges, contained in cylindrioal pasteboard cases of 1 in. diameter and upwards. 

The mode of charging the holes was varied somewhat with the direction in which these were 
bored*. If they were vertical, ix bored at an angle inclining downwards, the paper case containing 
the charge was inserted into the opening— a size being selected which fitted loosely into the latter 
— and the gun-cotton was allowed to fall into the hole, the case being gently shaken and squeezed 
to aid the exit of the charge. If the inclination of the hole was inconsiderable, it was necessary to 
push down the g^un-cotton occasionally by means of a wooden rod, especially when the granulated 
form was employed. Holes which were horizontol, or had an inclination upwards, were more 
difficult to charge. A contrivance prepared for this purpose, but which was not sufficiently kmg 
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for the horizontal holes in these particular experiments, consbted of a slightly conical tin tube 
about 12 in. long, the external diameter of one end being 1^ in., and of the other f in. The narrow 
opening of this tube was plugged with a small piece of cotton wool, and the charge of gun-cotton 
was poured in at the other end. This wide end was afterwards inserted into the hole, the tube 
being passed into the latter as far as posisible, and the charge was then pushed out of the tube by 
means of a wooden rod which fitted tightly into the narrow or outer end of the tin tube. This 
arrangement is sitnilar in its nature to the measure used by the miners for charging the holes with 
powder, and, if made of sufficient length, would probably remove the difficulty which was experi- 
enced in charging the horizontal holes. 

All the holes were fired with the ordinary miner's safety fuze, which was inserted before the 
entire diarge was introduced, as is the practice in blasting with gunpowder. 

After the charge was inserted into tne holes and preased down with the wooden rod, a plug of 
cotton waste was pushed down, for the purpose of carrying to the bottom any particles of the gun- 
cotton clinging to the sides of the bole. The latter was afterwards tamped, as usual, first with 
day, and afterwards with debris of limestone in a nearly powdered state. 

The experiments in the mines were tried in the upper part of the Great Limestone in ESast 
Gross Vein. The stone is very hard. 

All the holes were nominally !( in. in diameter. Some of them, in the hard limestone, 
tapered considerably, and would hajrdly have received 1-in. gun-cotton rope throughout their 
entire lengUL 

Experiments at Thorn Green Quarry. Allenheads. — ^Eight holes were experimented upon in this 
quarry. The first three were vertical nolee bored in ledges left by previous operations, about 2 ft. 
uom the face of the ledge. They were numbered 1, 2, and 3, but were fired in reverse order, so 
that the work might be equalized. No. 8 being nearest the side face of the ledge, and No. 1 farthest 
from it, but about equally near to a fiaw in the limestone. 

No. 3 was 14 in. deep. It was charged with 6 in. of l|-in. gun-cotton rope (= 1 '56 oz.), which 
left 8 in. for tamping. The proportion of gun-cotton used was that which the quarrymen had been 
in the habit of emj^oying tor similar holes. The face was well opened up by the explosion, and 
the work done pronounced highly satisfactory. 

No. 2, 14} in. deep, which now had a side face similar to that of No. 1, was charged with 1 *5 oz. 
of the compressed gun-cotton, which left 8} in. for tamping. The report of this explosion was more 
violent than in the case of No. 3 ; pieces of the stone were thrown into the air to a great height, 
and the rock was very much broken up all round the hole. There was decidedly more work done 
than by the former explosion, and fissures were produced running back in the ledg^ to a consi- 
derable distance. The charge of the gun-cotton used was evidently in excess of the work to be 
accomplished. 

No. 1 hole, 14 in. deep, was charged with 1 oz. of the granulated gun-cotton, leaving 7 in. for 
tamping. In this instance the rock was weQ broken in all directions, and beyond the depth of the 
hole ; large blocks were perfectly separated, and though not tluown off to any important extent, 
were readily removed by the men. The work to be performed by this explosion was perfectly 
accomplished, and apparently with a well-proportioned amount of powder. 

No. 4 hole was vertical, 17 in. deep, ana 2 ft. 4 in. from the face. It was a difficult hole, being 
in the midst of very solid rock. The men proposed to employ 8 in. of l^-in. rope for the hole 
(=2*08 oz.), and they would have used 8 oz. of gunpowder, it was charged with 1 '5 oz. of the 
granulated gun-cotton, leaving 6 in. for tamping. The work done by the explosion was pronounced 
by the quarrymen to be not only complete, but in excess of what they would have expected, from 
their usual experience : a mass of rock, 4 ft. by 2 ft. 4 in., and 14 in. thick, was blown off tiie frout 
of the face ; the latter was ficeured in several places to a depth of about 4 ft. 6 in., and one fissuro 
extended backwards, at right angles to the face, about 4 ft. in length. 

No. 5 hole, vertical, was 18} in. deep, and 2 ft. 2 in. from the face. It was very similar in posi- 
tion to No. 4 hole, and considered to present about the same work to be accomplished. It was 
charged with 1 oz. of the compressed gun-cotton, which left 14 in. for tamping. The work done 
was very similar, and pronoun<>Qd fuUy ^ual to that performed by the 1 *5 oz. of granulated g^un- 
cotton in the preceding experiment. 

No. 6 hole, vertical, 14 in. deep and 2 ft. from the face, appeared somewhat weaker than the 
two preceding ones, as the face of the rock exhibited two fiaws, one on either side of the hole, 
about 1 ft. and 18 in. to the right and left. It was charged with ) oz. of compressed gun-cotton ; 
the tamping amounted to 12 in. Two wide fissures were produced in the face, by the explosion, to 
a depth of about 5 ft., and some fissures (one about 4 ft. long) were produced towards the back of 
the ledge. The masses of rock detached by this operation, which admitted of removal by the 
workmen, appeared nearly equal in quantity to the work done in the two preceding operations. 
The quarrymen were greatly astonished at the work done with the i oz. of material, in a position 
where they would have employed at least 6 oz. of gunpowder. 

No. 7. This was a horizontal hole, 30 in. deep, in the face of a ledge of the limestone. The 
distance of the hole from the upper surface or ledge was 3 ft. The total width of solid rock to the 
right and left of the hole was 5 ft., there being a vertical fissure on the one side about 2 ft. 5 in. 
from the hole. There was also a horizontal fiaw, near the base, in the block of rock to be operated 
upon. The hole was considered a very strong one by the men. They proposed to employ 10 oz. 
of powder, or 12 in. of l^in. gun-cotton rope (= 8* 12 oz.). The hole was charged with 1 oz. of 
granulated gun-cotton, leaving 23 in. for tamping. By the explosion a large block of the rock, 
constituting the principal mass of the ledge, situated above the hole, was detached and movea 
forward some distance, so tliat it was ecusily thrown off by the workmen ; in addition, a smaller 
block, considerably to the left of the hole, was detached, and the rock was broken up beneath the 
hole, so that a coxisiderable quantity could be easily removed. The amount of stone detached by 
this operation, with 1 oz. of tne granulated gun-cotton, was about 53 cub. ft. 
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No. 8. This was a hole, 26 in. deep, driven at a slight angle into a face of the rook which had 
not yet been operated upon. The height of the face above the hole was about 6 ft., and the un> 
disturbed surface soil was above it. It was charged, in the first instance, with 1 os. of compressed 
gun-cotton, the tamping occupying 23} in. of the nolo. The explosion blew onlv about 2 in. off the 
mouth of the hole, but produced vertical fissures, extending to some distance above and below the 
hole. This hole was afterwards re-charged with 2oz. of compressed gun-cotton, the explosion of 
which considerably increased the fissures, but the mass of rock was so closed in upon all sides, 
excepting the face, that a more considerable charge than 2 oz. would evidently have been required 
in the first instance (when the rock was quite sound) to effect any important dislodgment. After 
the second charge, the hole was too unsound for further experiments. 

Experiments m the Mines at AllenKeads. — ^There is some difficulty in forming an accurate esti- 
mate of the comparative work done, by different charges of gun-cotton or gunpowder, in the con- 
fined space of a drift, or other similar locality ; and the debris of previous blasting operations 
sometimes render it scarcely possible to estimate correctly the work accomplished. 

The following is a brief statement of the most definite observations made ; — 

Ten holes had been previously prenared and were operated upon. In three oases of what was 
pronounced to be difficult work, the holes had been driven either in a horizontal or dightlv sloping 
direction into the perfectly sound rook, in positions where no weakness had been induoea by 
previous blasts. Tne work accomplished by the oompressed gun-cotton was pronounced exoeUent ; 
the rock being removed up to the extremity of the holes. In one of these experiments, in a hole 
IS in. deep, Ih oz. of compressed gun-ootton were used, leaving 7 in. for the tamping. In another hole. 
11 in. in aeptn, ) oz. of oompressed gun-cotton, with 8 in. of tamping, performed the work allotted 
to it perfectly. In a third hole, 16 in. deep, at the base of the rook, quite apart from previous 
blasting operations, 2 oz. of the compressed gun-cotton were used, leaviW 12 in. for tamping. The 
rock was cleanly detached to the base of the hole. The miners stated that the usual charge of 
gunpowder for a hole of this kind (about 8oz.) would not have been likely to do any useful work, 
the position of the hole being a very difficult one. 

Another hole of the same depth as the last, and similarly situated, was charged with only 1 oz. 
of the compressed material. In this instance a length of 10 in. of the hole was blown away with 
the surrounding rock, leaving 6 in. undestroyed. 

A hole, 15 in. deep, driven ahnost horizontally into the rock, was also charged with 1 oz. of 
oompressea gun-cotton. In this instance, again, a portion of the hole was not blown away, but this 
result mav nave been, to some extent, due to an unsoundness of the hole at the base, which was 
discoverea after the explosion. 

Four holes were operated upon, which were known to be unsound (that is, to pass into cavities 
or fissures of more or less consiaeraole size). Two of these, each 12 in. deep, which were pronounced 
very unsound, wero charged with 1 oz. of the granulated gun-cotton. In both instances, the gases 
resulting from the ignition of the gun-cotton escaped through the fissures in the rear, and thero 
was no aestruction. (The same kind of failure took plaoe on several occasions, with the employ- 
ment of both gun-cotton rope and gunpowder, when the committee operated upon unsound holes 
at this place in October, 1864.) 

A' third hole, 14 in. deep, and unsound at Ihe base, was charged with 1} oz. of compressed gun- 
cotton, and 9 in. of tamping. On this occasion, the work done was pronounced good, the rock being 
blown away to within 4 in. of the bottom of the hole. 

The fourth hole, 12 in. deep^ in which the unsoundness was less obvious than in the preceding 
throe, was charged with 1 oz. of granulated gun-cotton, leaving 7 in. of the hole for tamping. The 
work allotted to this hole was perfectly accomplished, the rcMk being cleared to the base of the 
hole. 

These trials of g^un-cotton charges propared firom the pulp, though insufficient to furnish con- 
clusive results as regards the merits of tho explosion, when employed in a granulated form, never- 
theless afford sufficient experimental evidence to warrant the following statements ; — 

1. The granulated gun-cotton pulp (not compressed) appears decidedlv moro effective as a blast- 
ing material than an equal weight of gun-cotton in the form of rope. Ihis result is to be ascribed 
mainly to the greater rapidity of explosion of the gun-cotton when in the form of light granules ; 
it taiay also, in some measuro, be due to the circumstance that, in a hole charged with gun-cotton 
in the form of grains, or small fragments, the charge is in dose contact on all sides with the rock, 
which is not me case when gun-cotton rope is employed, unless the hole is perfectly cylindrical, 
which it verv seldom is. This remark as to the irrogular shape of the holes does hot apply to 
those made by the boring apparatus of Peroy Westmacott, wnich has been partially in use at 
AUenheads Mines, and by which a perfectly cylindrical hole is effected. The operation of this 
machine was witnessed by the committee in 1864, but it has not yet been brought into continuous 
use. 

This form of the material occupies a little moro space in a hole than an equivalent weight of 
gun-cotton rope ; this ciroumstance may perhaps somewhat lessen the full destructive power of the 
granulated gun-cotton ; but a careful comparison of resulte is yet needed before a defioite opinion 
can be expressed on this point 

2. The compressed gun-cotton, in the form of small lozenge-shaped fragments, exhibited a 
superiority in destructive power over the gpranulated gun-cotton, which may be ascribed to the fact 
of its occupying lees space, and therefore affording room in a hole for a proportionately large 
amount of tamping, and also bringing the destructive agent well in roar of the work to be per- 
formed. The superiority of the gun-cotton in this form over charges of gun-cotton rope, as regards 
the comparative amount of work done by equal weighto of the two, appears unquestionable. 

3. No decided evidence was obtained of a superiority of the granulated sJid the compressed 
gun-cotton over ^pn-cotton rope, when employed in unsound holes. 

4. The charging of holes, the position of which was horizontol, or nearly ao, with gun-cotton in 
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the form of grannies or small fiasmenta, presented diffioulties, to overoome whiofa, special mechanical 
appliances would have to be used if the gun-cotton be introduced into the hole without an 
envelope. There la also considerable risk, under these oiieumstanoes, of small fragments of the 
gun-cotton becoming lodged on the sides of the hole, unless their removal can be ensured by care- 

* " ' ^ "^ before the tamping is 

' n paper cases, which 

_ _ _ *^« lioles, though it 

would probably do away, to some extent, with the advantage resulting from the tendenov of the 
granulated gun-cotton, when employed without a case, tg accommodate itself to any irregularity in 

the shape oi the hole. 

It has been found that the explosive force of gun-cotton may, like that of nitro-glycerine, be 
developed by the exposure of the substance to the sudden concussion produced by a detonation .* 
and that if explodea by that agency, the suddenness and consequent violence of its action greatly 
exceed that of its explosion by means of a highlv-heated body or flame. This is a most important 
discovery, and one which invests gun-cotton with totally new and valuable characteristics ; for it 
follows, as recent experiments have fully demonstrated, that gun-cotton, even when freely exposed 
to air, may be made to explode with destructive videnoe, apparently not inferior to that of nitro- 
glycerine, simply by emnloying for its explosion a fuze to which is attached a small detonating 
oham. 

The mode of operation is as follows : — 

The detonating substance is placed in a tin tube of the dimensions shown, Fig. 341i, and it 
occnpies in the inside of the tube the space from A to B. 

On this at O is placed a small plug of gun-cotton, and the rest of the tin tube from C to the 
open end at D is empty. ^.. 

Before leaving the manufactory a small piece of paper is pasted on the end merely 
to prevent anything falling into it, and this paper, so long as it remains, serves to 
distinguish the charged or useful primers, as the tin tubes are called, from empty 
tubes. 

It is in this form that the detonating primers are supplied from the manufactory. 

These primers are, in fact, large percussion caps, and are to be handled with care^ 
as also to be protected from fire, and from all violent concussion. They explode § 
with some vioioice when ignited, or if struck a violent blow, but with reasonable ^ 
care are quite harmless, as much so as ordinary percussion caps for fowling-pieoes. ^ 
They may not only be safely handled, but may be thrown about with any freedom 
short of actual and intentional violence. Even when thrown on the ground or allowed 
to fall from a height of 20 or 90 ft., they are in no way aifected by such usage. 

When the primer is to be used, the paper cover at D is removed, and an ordinary 
fuze is then inserted, so as to be in contact with the gun-cotton at G. The tubie 
is made lurge enough to receive an ordinary fuze, and as soon as the insertion has 
been made, the tube is pressed close to the fuze bv a pair of common pliers. 

This preparation is most conveniently done oefore entering a mine, but there is 
nothing to prevent its being done in a mine or quarry at any time. 

The chftfges of compressed gun-cotton are made with a droular hole to receive the 
ftize. Into this hole the small end of the tin primer is inserted, instead of the fuze, and this is 
the only difference in the mode of firing as compared with the usual mode of exploding gun-cotton 
with a fuze. 

It LB important to observe that when the primer is thus used for blasting, it is not necessary to 
fill up the hole by any stemming or tamping ; the hole may be left perfectly open, and those who 
know how often accidents occur in the process of stemming or tamping will at once appreciate the 
saving of time and the amount of personal safety thus obtained. 

In the case of failure of explosion, accidents often occur from the miners attempting to remove 
the stemming material. All this is avoided, as after a proper internal of time the fuze with the 
primer attached can be safely and easily withdrawn from the open bore-hola 

Some remarkable remits have been already obtained with this new mode of exploding gun- 
cotton. Large blocks of granite and other very hard rock, and iron plates of some thickness, hlive 
been shattered by exploding small charges of gun-cotton, which simplv rested upon their upper 
surfaces — an effect which will be sufficiently surprising to those who have hitherto believed, as 
everyone has believed, that unconfined gun-cotton was scarcely to be considered as explosive at 
all, that it puffed harmlessly away into the air, not exerting sufficient force upon the body on 
which it might be resting to depress a nicely-balanced pair of SQides, supposing the charge to be 
fired upon one plate of the stade. Further, long charges or trains of gun-cotton, simply placed 
upon toe ground against stockades of great strength, and wholly unconfined, have been exploded 
by means of detonating fuzes placed in the centre or at one end of the train, and produced unirormly 
destructive effects throughout their entire length, the results corresponding to those produced by 
eight or ten times the amount of gunpowder when applied imder the most favourable conditions, 
tuning and quarrying operations with gun-cotton applied in the new manner have furnished resulte 
quite equal to those obtained with nitro-glycerine, and have proved conclusively that if gun-cotton 
u exploded by detonation it is unnecessary to confine the charge in the blast-hole by the process of 
hard-tamping, as the explosion of the entire charge takes place too suddenly for its effects to be 
appreciablv diminished by the line of escape presented by the blast-hole, some loose sand or 
broken rubbish to hold the fuze in position being all that is required. Thus the most dangerous 
of all operations connected with mining may be dispensed with when gun-cotton fired by the new 
system is employed. 

Abel and Sopwith, in their report upon the use of gun-cotton with the detonating primer, give 
the following as an illustration of the different results obtained by the use of the primer as compared 
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about thirty seoondB, doing no injury whateTer to sunounding subatonoea; but when the aaine 
Quantity of gun-ootton of the aame quality waa laid on the same stone, and fired by means of a 
detonating primer, the whole mass instantaneously exoloded with a report as loud as a cannon, 
and with an amount of destructive energy which could with difficulty be understood by any who 
had not quietly seen and carefully examined the result ; not only was the stone shattered and 
broken into many pieces, but those portions of it which were immediately under the charge were 
literaUy nound and crushed into sand. 

It wiU readily be observed that this diaoovery, which we believe is due to Mr. Brown, of the 
War Office Chemical Establishment, is likelv to be attended with the most important results. Not 
merely is the stren^h of gun-cotton exploded in this way much greater than that of the same 
substance fired by simple ignition, but it now operates under conditions which were sufficient under 
the old system practically to deprive gun-ootton of its power. 

See Bouvo and Blasting. Qcabbtino. 

GUN MACHINEBT, Bifued. Fb., Machine a rayer lea carunu de fusil, ou lea htmchea a feuf 
Gkb., ZiehbankfOr Qeach&txe; Ital., Maochina da rigare ; Span., Mdquina de eatriar lea caHonea, 

John Anderson, writing in P. I. M. E., 1862, observes that in the manufacture of guns, more 
especially of rifled cannon, one great object is to have the bore of definite dimensions, perfectly 
straight and parallel. The difficulty of accomplishing this depends entirely on what is considered 
stmightnees or parallelism, and on the closeness of measurement which may be adopted. With 
reference to dimensions : if the bore were completed in its boring up to the exact size previous to 
rifling, it would, from the rubbing of the rifling block and the rusting and cleaning after proof; be 
considerably over the size when actually flnished. Hence it is found necessary to bore only up to 
within ^Y^fjf of an inch of the proper dimensions, and two plug-gauges are employed for the 
purpose, one y^ of an inch under the proper size and the other exactlv the proper size ; the first 
IB 12 in. lonff and munt pass through tne bore like the plug in the Whitworth gauge, while the 
other should not entor. In working so near there is much liability of exceeding the dimensions ; 
hence the entrance for the final boring tool is made from the muzzle end, where an enlargement is 
of the least consequence. In the preparation of instruments for such precise boring it is found in 

Srectice that adjustable cutters are the most economical and convenient, with packings of the 
nest paper, which mny now be obtained less than one thousandth of an inch in thickness. But 
in every mstance these tools wear to some extent before reaching the other end, even if there is 
nothing left for the last cutter in the series to cut away. The futher end of the bore is therefore 
smaller than the other to an extent which is never less than one thousandth of an inch ; but this 
difference is not considered sufficient to warrant the risk that would be incurred in proceeding 
from the other end a second time with a newl^-adjusted instrument still untried. In d^ding with 
muzzle-loading guns the difficulty is much mortised in comparison with breech-loading, as the 
latter afford great £ftcility of arrangement ; and it is to breech-foading guns that the present paper 
chiefly refers. 

In order to pienare for the last boring but one, the original bore of the innermost tube becomes 
the basis to work bom, on the same plan as already described with reference to the previous pre- 
paration of this tube for building up the gun. It has lost ite truth to some extent b^ the shrinking 
on of the exterior tubes, but that is recovered by future stops. A true bearing is then turned 
upon the exterior of the gun at both enda, and it is placed in bearings on a long saddle in a vertical 
machine. A boring bar with several sets of cutters is used, which works in bearings at both ends 
of the gun, and has upon it a block that follows the last set of cutting instruments. The bar 
revolves in fixed bearings, the gun havine a slow motion upwards. There is usually about -^ of 
an inch in the diameter to be cut out by this preliminary operation, and the aim is to continue the 
bore up to the required size, namely, yiArv ^^ ^^ ^^^ below the finished dimension, but this is 
seldom done ; care is taken, however, that the bore is not above the size. It might be suppoaed 
that the turned bar and bored bearings would give a round hole, but this is not the case unless 
they are perfectly round themselves ; nence these portions of the machine are looked upon as a 
foundation of truth, and are prepared as carefuUy as if intended for gauges. The bonng bars, 
although made of steel like the gauges, are constantly wearing, and require vigilant attention to 
keep them up to truth. The hole from this borine is generally nearly straight, but never parallel ; 
hence it is difficult to examine it with gauges, although no otner mode of measurement is of any 
value in giving precise information on so delicato a point 

The next and last boring is done with the intention of making the hole parallel, but with no 
effort at straightness except what is derived from the bore itself as already made. The tool 
employed is a lone broaching bar, shown in Fig. 8421, with six cutters A A arranged in two seto 
of three each, as snown enlaced in Figs. 8422. 3423. The first three cutters have all the work to 
do, the second set on entering being adjusted to the flame diameter and intended only to scrape any 
of the surface that may be left from the first, which is not much, as there is seldom more than one 
thousandth of an inch altogether to be cut away. Both seto of cutters cut on the side rather than 
the front. The value of three cutters for steady cutting is well known ; but it is also found that 
such an instrument is very apt to make a bad polygonal bore unless it copies a true circular form from 
something else. This true circular form, in addition to straightness of bore, is taken from the bore 
itself as already made. The transfer is effected by means of the bearing surfaces B B on the 
broaching block. Fig. 8422, which are long spiral surfaces made of gun-metal and filling the bore. 
In the earlier instrumento it was found tluit straight bearing surfaces on the broaching block were 
liable to allow the roundness of the bore to Wiin<ter into a polygonal shape ; but by twistinff the 
bearing surfaces Into a spiral form round the block, as shown at B B in Fig. 3422, this liabili^ 
has been prevented. An oidinary horizontal lathe is the most convenient for this operation, bnt it 
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wMe the other end ia free to turn and slide in a atatlonarjr bearing F near the mnEle of the 
tnm G. The longitudinal motion of the riaing bar may be giTen by any of the planing-mac^e 
motions; that by the aorew H, Fig. 8416, ia preforred on acoonnt of the smooth action which it 
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affords. The twisting motion of the rifling bar is derived from the tangent bar I by son, 

means of the rack J uiding transversely on the traversing saddle E, and gearing into 

a pinion on the end of the rifline bar 0, Figs, 3418, 3419. The tangent bar I can be 

set at any angle by means of the adinsting screw and graduated arc, or can be made 

of any shape within the limits that the machine is capable of following the quirks of 

the rifling. Hence to produce any description of twisting in the grooves of the gun 

it is only necessary to employ a tangent bar of suitnble pattern for the purpose. 

which will be faithfully copied on the interior of the bore by means of the rack J tracing the 

pattern. In guns where ^ere are several twists or alterations of form in a single groove it ia 

sometimee necessary to have several -differently-ahaped tangent bars piled one on the top of the 
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gmove in the gun. To prevent the coUiDg 

nul P is provided, hRving a trap R and S lo 

roller N to paaa. The drawiogB lepresent 

bar O ; but on 
the trap R, as shown dotted in Fig. :t4Z0 : and 
fatia and forraa an icoline for the roUer to run 



W»^^Ji£^*aatV€ cutting a gtoove in the gnc, the ai 
y.^^'K^^^fi^ieSaVSiie roller N U tracing the copy bi 



g tool, wliieh n 



18 withdravn 



>j^ I ' 



bcight ; bnt the roller folds the trap downwards, 

■Ige to enable it to paaa over. The tnp ia than 

jng again in the forward motion the roller drops 

»pv bar O, thus drawin):: out the ft«d-Tod K and 

iiosilion. The incline T givea the form to the 

Erfy oF verj' deBnite ahape. It will tbuB be aeen 

_„-^to the cutting tool; and hence b^ means of the 

_dlf ^^ng can bo accomrliahed without difSculty. To 

mSSeiESimen rifled tube naa been made (ahnwo in^be 

^/^£>difl*erent ways, one of which is Bpirol and wavy, 

J&bUthe groove formed with aprogrewJve irregnlarity, 

»>«t&cfE&ii£&C'h IraverBo eo bb to obtain the additional depth 
t>M!& ■^S.WHuod M has a ecrew and hand-wheel U upon it, 
Sj^&poT in each BUceesgiTe traverse, until the groove 
KnSl alao affords the mceot of taUng up the wear of 
taA& eiaotly the tame depth. When one groove is 
bhSiC required are by means of the rKtcbet-wheel V 
K ajliding plate, being made with the same nnmber of 

_. _aother kind of cutting instrument, by which the 

!ti|C&ranB of a circular rimng head canyuig aB many 

i^&cs of these rifling heads are used in succcBsion, 

ne cutting Iho groove a little deeper than the 

of them the grooving is effected. This kind 

lt>ut BO for u economy is concerned it is the most 

Ig tooU made on the former plsn of withdrawing 

lused ; but it is doubtful whether they ore more 

It in obtaining perfect adjustment with so rannj 

IWhero no variation is r^uired in the depth ot 

be used, as shown in Yiga. 842S, 3429. The 

' in the rifling bend, to allow them to 




igaiS^i^Sdiiig guns, the cntters being sot to cat inwards 
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from the miuszle towards the hreech as the rifling head ia piuihed dowD the gnn, instead of in the 
contrary direction as in the rifling head previously described and shown in Fies. 3426, S427. 

The copying principle is also used in drilling the various holes for the sights and other parta 
upon the outside of the guns. In a gun which is intended fto hit a target at 2000 or 3000 yds. 
distance, the value of the thickness of a line in half the length of the gun is important ; and as all 
the Armstrong guns are made so that the several parts interchange, absolute precision in the posi- 
tions of the several holes is essential. Most of the holes have to be drilled on the side of the gun^ 
where the difficulty of entering oorrectlv is greatly increased on account of the suifaoe being 
oblique to the direction of the holes ; so that the drill requires to be guided very steadily, and the 
ordinary plan of dividing off the holes and the use of a centre punch are altogether inadmissible. 
A cast-iron saddle is therefore made to fit upon the gun and also upon the trunnions, being cast 
in hidves, so that the whole of that part of the gun in which the holes have to be made is env^oped 
in it. The saddle is correctly made with copy holes lined with steel, the several holes being of the 
required dimensions of the holes to be made in the gun. Cylindrical drills are employed, which, 
fitting the holes in the copy, give the utmost accuracy to the sight-holes without any effort 

8431. 





OYBATION. Fb., Mouve- 
merU giratoire; Geb., Kreis- 
fl^yuge Bewegung; Ital., Qira^ 
Mtone ; Span., Eotacion, 

The centre of gyration is that 
point in which, if all the matter 
contained in a revolving system 
were collected, the same angular 
velocity will be generated in the 
same time by a given force 
acting at any place as would 
be generated by the same force 
acting similarly in the body or 
system itself. 

The distance of the centre 
of gyration from the point of 
suspension, or axis of motion, 
is a mean proportional between 
the distances of the centres of 
oscillation and gravity, from the 
same point or axis. If S, Fig. 
3430, oe the point of suspen- 
sion of any regular or irregular 
body PS; Q the place of the 
centre of gravity; O that of 
the centre of oscillation ; and B 
that of the centre of gyration ; 

then R 8 = VSO x SG; 
hence, S O x S G = a constant 
Quantity for the same body and 
the same plane of - vibration 
SQT. If SGr=25, and SO 
= 86 u nits of length, then 

SB = V25x86 = 80. 

-^^ ^ay't Coniodl'Plate Planing Machine. — ^In this machine the centre of the cutting edge coin- 
cides with the centre of gyration of the revolving ontter-holder. Im Gay waa an experienced 
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meohanioal engineer ; he was ,bom in DnnBtable, in the county of Hillsboiongh, New Hamp- 
ahire, U.8. Hib machine, Fig&'SlSl to 3485, for planing boards, plank, and other articles, is not 
of a complicated nature. Fig. 3431 is a front view of the machine ; Fig. 8432, a side view ; 
Fig. 3433, the plane-stock; Fig. 3434, a section through the centre of the plane-stock; aiid 




84S4. 




3436. 




Fig. 8485, a section of the phne-stook cut across so as to show the plane-iron and the manner of 
llxmg it to the stock. A is the main pulley to which the power for driving the planes is applied 
by means of a belt. B, the main shaft on which the driving wheels G G are fastened. V D, 
upright shafts inclining a little from a perpendicular position. EE, wheels attached to the 
vpight shaft D, and driven by the wheels CO. F F the planenBtocka attached to the shaft D D. 

5 T 2 
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The fiEuse of the pUiiie«took may be levelled to suit the views of the operator, but must be levelled 
enough to throw off the shavingB freely ; more than this tends to render the smfaoe planed uneven. 
An angle of about 5 degrees from a right angle to the shaft is a very good inclination. The plane- 
iron is shown at G, Fig. 3435, which also shows the manner of fastening it to the stock by means 
of the screw H. J J are the receiving and delivering rolls driven by the puUej K. T T, boxes 
for the upright shafts to revolve in. At the top of the machine is the shah L for the puipose of 
driving tne receiving and delivering rolls, upon the ends of which are pulleys M M, corresponding 
with those on the rolls over which pass the belts N N. O, the pulley for communicating motion 
to the shaft L. P P are levers attached to the rolls and made to pass them together while the 
boards are passing through the rolls ; these levers are assisted bv other levers Q Q, connected by 
the rod B B, and weighted as seen at 8 S. T is a board passing through the machine and confined 
down to the plane by means of two small rolls U Y, which are adiusted to their proper place by 
means of the rack Y and pinion W. X is the frame of the machine. The mode of using the 
machine is simply to insert the end of the board between the receiving rolls, after which the board 
is carried through the machine by means of the rollers, and planed in its passage. 

Centre of Spontaneous Botation. — No matter what the nature of an impulsive force may be, or 
how that force' is applied to a body at liberty to move in any direction, the whole force, when not 
applied to the centre of gravity, is employed to turn the body, and at the same time the whole 
force is employed to move the centre of gravity in the direction of such force. To illustrate this 
important proposition, let A B, Fig. 3436, be a body placed anyhow, at liberty to move in any way. 
The force P, or two forces, each equal to | P, is exerted at the point A ; P has the power to 
turn that body, and to drive on the centre of gravity. We 
have then to consider the centre of oscillation, the centre 
of percussion, the centre of spontaneous rotation; we have 
nothing to do with the centre of gravity once the force acts 
upon a body and attempts to move it. If we apply two p 

new opposing forces each equal to } P at the same aistanoe ^ . 

as P from the centre of gravity G. they would balance each b 

other, and would not interfere with either the progressive 
or the turning motion. But we shall now oonsiaer another 

IP's will drive on the "^^ 

P's will turn the body 

iPat Aand JPatBtum 

the body round, and } P at B ana } P at A have a tendency — — ^^ 

to give a progressive motion to G, consequently the force F 

acting at A loses none of its effect to turn tine body, nor 

any of its driving effect. What will happen ; — ^The point 

A will advance by two forces, the force of turning ana the 

force of percussion, while the point B will advance by one \ I E P 

force = - , and will turn in an opposite direction ; the V +^ 

result will be the difference, so that the point B will recede 
while the point A will advance. Tlierefore this body will 
turn round a point Y between G and B, which is called 
the oeatre of spontaneous rotation. See Anoxjlab Motion. Gravitt. OsciLLATioir. Pebccsbion. 

HACKLE OB HECKLE. Fb^ 8A-an, s^rin, sfranzoir; Gbb., HecM; Ital., Pettifui ; Span., 
S/ostriUo, 

See Flax Maohinebt, p. 1498. 

HAMMEB. Fb., Marteau ; Gbb., Hammer ; Ital., MarteUo; Span., Martilh. 

See Hani>-Tools. 

IL^D-GEAB. Fb., Lener a main de distribution i Geb., Bindsteuerungshebei ; Ital., Messa in 
moto; Span., Palanoa de trasmision de mooimiento. 

^e contrivanciBS in a steam-engine for working the valves by hand ; the starting gear. 

HAND-PUMP. Fb., Pomp a main; Gkb., Handpumpe ; Ital., IVomba a mono; Span., Somba 
de mano. ^ 

A pump situated at the side of the fire-box in a locomotive, and worked by means of a lever 
when (he engine is standing with steam up. 

HAND-SAW. Fb., 8cie a main; Geb., ffandsdge ; Ital., Begone; Span., Serrucho. 
See Hand-Toous. » ^r * i 

HAND-TOOLS. Fb., Outils h main ; Gkb., ffandwerkzeuge ; Ital., Strumenti da mano ; Span, 
•Jierramientas tie mano. 





then the lathe was a perfect instrument so far as it was a copying machine ; those common lathee 
that were made with a perfectly round spindle-neck, if any such existed, would yield a round 
figure m the article under operation, providing that the cutting instrument was held steadUy. 
And even in a still higher degree was correct workmanship attained in the old-fashioned dead- 
centre lathes; if the centre holes in the article to be turned were formed with moderate care, and 
the article hdd steadily between the centres, then the surface developed by the cutting instrument 
when firmly held would be as perfect a circle as one described by a pair of compasses? 

With such apparatus, however, the chances of error were numerous, arising principally from 
the spindle-necks not being perfectly round ; for even in the case of modem lathes a perfectijindle- 
neck IB more rwrely obtained than is generally supposed, as a close examination will show, the 
polygonal form being much more predominant than the true cirole. There are lathes, even among 
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those of the most reoeut make, which have only to be handled gently to show their oondltion in 
this reepeot. Until reoently such approximations to ronndneae were suffloient ; but the eztensiye 
introduction of accurate gauges into workshops has, besides teaching the importance of precise 
dimensions, made engineers familiar with true circles. Hence there is now a much greater appre- 
ciation of positiye truth of workmanship, and positive truths are always important ; and in well- 
conducted workshops there is a constant striving after that coodition and a.gradual dosing up of 
every avenue whereby error can creep in. 

such extreme accuracy is sometimes thought to be more costly than a less careful system ; but 
practical men, like Anderson, have arrived at a conthiry opinion, and are convinced that while 
extreme accuracy may be more expensive at the outset, espedally from the want of worlonen com- 
petent to carry it out, yet with a little perseverance the advantage arising from it will be clearly 
perceived, and the apparently inordinate cost will shortly be brought below that of less perfect 
arrangements. ICany articles after being carefully turned and planed have to undergo a long 
course of filing and scraping before they are brougnt to the required quality of surface ; whereas, 
if a small fraction of this outlay were spent in making the copy in the lathe spindle or the copy in 
the plane perfect as patterns, the great expense of subsequent fitting would be avoided. Many 
examples bearing on this point could be given were it required ; an illustration may be named 
that came under Anderson's experience in the manufacture of guns at Woolwich Gun Factory. 
Certain rings about 1 ft. in diameter had to be fitted on corresponding cylinders, and were required 
to be perfectly easy to move, yet without shake, as any looseness in the fit rendered them useless ; 
they had therefore to fit approximately like the Whitworth gauges. Several good new lathes were 
tried in vain ; endless scraping and grinding had to be resorted to. Anderson was convinced that 
if the source of roundness were posi^vely round, the result ought not to be out of truth. Measures 
were accordingly adopted to obtain perfection of roundness and steadiness in the lathe, at little 
more than the cost of fitting one of the rings; and the subseauent cost of the rings was thereby 
reduced from the value of nearly three days^ work to less than an hour's. The lathe spindle 
became a true copy, the sliding rest a correct medium of transfer, and the combination of the two 
yielded the required truth and roundness. A similar case occurred in the manufacture of a number 
of large fire-cocks: the sockets and plugs were carefully turned, but thev would not resist the 
water pressure without a great deal of scraping and grinding, until the lathe spindle was posi- 
tively Drought to perfect roundness, when the turning alone made them fit with scarcely anv 
grinding. The latne is a copying machine, and just as its bearing surfaces are so is the work 
produced. 

The apparatus generally emploved by wood and ivorv turners is termed a foot-lathe, on account 
of its being driven by the foot in the same manner as tne common grinder's wheel ; some are con- 
structed pvtiy in metal and partly in wood, but those made entirdy of metal are far superior to 
these, and are of the following Construction ; — 

A, Fig. 3437, is the bed of the lathe, upon which two supports, called poppet-heads, rest ; the 
surfaces of contact vary in form, in some beds both are flat, in others both angular, and in others 
one angular and the other flat. 




By many the angular or V ^^^^ <^i^ preferred, from the idea that the hoods are more likely to 
retain their proper position than when resting on plane surfaces ; but the latter, when accurately 
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planed and fitted, are qnite as worthy of reliance, and far more conyenient than the angnlar-bedded 

lathes. 

B represents the head to which the chucks are attached, and by means of which the power 
requisite for rotating the work is applied. This poppet-head consists of a strong frame of cast iron 
F B £; in the standard E is fixed a hard conical bearing, in which one end of the mandrel D 
revolves, and by which it is supported, the other end resting against the hard conical point of 
a screw placed in a nut at F ; by means of this screw the mandrel is kept ti^ht up to its bearings, 
any tenoenoy of the screw to shift being prevented by one or two nuts upon it, which are screwed 
up tight against the standard F. 

At the Dottom of the head is a solid projection, which is made to fit the opening between the 
sides of the lathe-bed, and by which the parallelism of the lathe-bed and mandrel is maintained. 
The head is firmly fixed in its position by a bolt, which draws a strip of metal up tight against 
the bottom of the lathe-bed. A number of groove pulleys G are attached to the mandrel, one of 
which is connected with tiie pulleys S on the drivmg shaft B by means of a cord of catgut or 
gutta-percha, although in a case of necessity a sash-line may be made to answer the purpose. The 
ca^t is, however, the most satisfactory, on account of its great durability. The plan usually 
adopted for joining the ends is to screw on hooks and eyes ; the end of the gut is slightly tapered 
and damped, so that the hooks and eyes may squeeze the gut into a screw rather than cutting it, 
by which latter the band would be much weakened. 

It must not be used until the gut is dry and hard. Gutta-percha bands are united by heat, 

the ends being cut off obUquely, thus, ■■ik^HB > ai^d gently heated bv means of a hot piece 
of smooth clean iron, until soft, when they are firmly pressed together, ana kept in that position 
until cold. ThiSj of course, necessitates the stoppage of the lathe for some time, besides shortening 
the band every time It is united. 

When the work is too lone; to be supported entirely by one end, a second poppet-head is 
required,- wliich is of the form wown at C; this head is accurately fitted to the lathe-oed, and can 
slide upon it to allow of adjustment to the length of the work ; it is fitted with a damping screw H 
to fin it when in position, also a conical point I, called a centre, which is movable through a small 
space by the handle J, to allow the removal of the work from the lathe without smfting the 
poppet-head. The mandrel carrying the centre is fixed after adjustment by the capstan-headed 
scr^w K. 

The next part of the apparatus to which our attention is called is the rest, upon which the 
operator supports the turning tool. There are two kinds, the common rest and the slide-rest ; the 
former is that represented in our figure. M L is a short hollow column, provided with a foot 
sufficiently long to reach across the lathe-bed ; in the bottom of the foot is planed a dovetailed 
groove N, which retains the head of a clamping screw O, but at the same time allows pf a sliding 
motion when not clamped. From this it is evident that the rest can be placed and fixed in any 
position. 

Within the hollow column is a cylindrical rod, which carries a straight strip of metal, the whole 
being raised or lowered by sliding the rod vertically in the column ; when the proper elevation 
has been attained, the rest is fixed by a screw working in a thread cut in the thickness of the 
column. 

The lathe-bed is supported on standards or frames P P, which also serve to carry the crank- 
shaft B by means of two conical-pointed screws Q Q, which enter oounterBunk recesses in the ends 
of the shaft. The shaft is made with one or two cranks, or throws, according to its length. This 
shaft is also fitted with grooved driving pulleys 8, made of various diameters, in order to obtain 
any speed which may l^ required. The pressure imparted to the treadle 
T IS communicated to the crank by a link with a hook at each end, or by 
a chain ; some turners preferring the former, and others the latter. 

We now proceed to consider the means by which the work is held in 
the lathe ana caused to rotate with the mandreL 

. Fig. 3438 represents the fork, prong, or strut-chuck, so called from the 
steel fork or prong a, which is fitted into the square socket of the chuck ; 
this chuck is used for long pieces, the point supporting one end of the 
work, the other being supported bv the back cen^. The chisel edges on 
each side of the point take hold of the work and ensure its rotation. The* 
fork being fitted into a square recess in the chuck may be replaced by 
drills, &c., or small pieces of wood or ivory to be turned. It is usually 
made of metal, and attached to the mandrel by an internal screw corre- 
sponding to that on the nose of the mandrel. 

Fig. 3439 represents the hollow or cup-chuck; it is used for holding 
short pieces, or pieces that are to be turned out hollow. Its inside is turned 
slightly conical, so that the work may be driven tightly into it. 

This chuck is usually made of boxwood, sometimes strengthened by a 
metal ring round the mouth of it ; but this is scarcely necessary, as a very 
slight blow is sufficient to fix the work if it has previously been reduced to 
a form nearly approaching the circular by the cmsel, paring knife, or other 
hand-tools. 

Fig. 3440 represents the face-plate or facing chuck ; it may be made of 
iron or other suitable material. 

This chuck is turned flat and perfectly true, and is fitted at its centre 
with a conical screw to hold objects to be turned on the face. This chuck 
can only be used when the hole made in the work is not objectionable, or 
can be plugged up. The screw should only be very slightly tapor^ otherwise the work will not 
hold when reversed. 
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Fig. 8441, a ehaok for flat work, where a hole in the centre would be detrimental. It Ib a fSftoe- 
plate with three or more small spikiu projecting from its surface to penetrate the material to be 
wrought, which is held against it by the back centre. 

A plane face-plate is used where the work cannot be conveniently fixed to either of the two 
ft>ieguing, as in the case of thin pieces of horn, tortotsesheU, and so on. The work is attached by 
means of glue, or of jeweUers* or turners' cement. 
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Fig. 8442 represents the arbor-chuck, usually made of brass. It is used for holding small 

hollow works or rings. .,.,,,.., , - ^^. ^ * _x * 

For Tery small work, Fig. 8438 is useful for holding the arbors m the place of a strut a. 
Fig. 8443 represents a spring-chuck which is used for holding very slight work that requires to 

be hoUowed out. 

It is turned conical externally, the apex of the cone being to the left. A few holes a a are 
drilled through the chuck near its base and at equal distances from each other. From these holes 
saw kerfs or slits are cut longitudinally to the front of the chuck, which allow the chuck to expand 
slightly to take a firm hold of the work, and when the work has been forced into the chuck, the 
grip is rendered still more firm by drawing a strong ring towards the front of the chuck. 

These chucks are sometimes made of wood, but those of metal are much neater and more conve- 
nient • they may bo made of a piece of brass tube firmly driven on a wooden block. 

Asimilar chuck is used for holding hollow work, but instead of being provided with an exter- 
nal ring, it is fitted with a short solid plug, which is forced forwards after the chuck has been 
inserted into the work. When long and slender pieces have to be turned, an extra poppet or a 
support is required to keep the work from shaking, or chattering, as it is termed. It is generally 
made of wood, and is formed similar to Fig. 8444. It consists of a head, in which is bored a bole o 
of the proper diameter, and a tail-piece fitted to the lathe-bed and sufficiently long to receive an 
aperture 6, through which a wedge majr be passed to 
hold it down fini^y upon the lathe-bed. 

Another and more convenient form of support is 
shown at Fig. 3445; a is a cast-iron fhmie, having 
a foot fitted to the lathe-bed and furnished with a 
bolt and nut by which it is firmly bolted down to 
the lathe-bed ; 6 is a block of wood fitted into the 



fhune, where it is secured by the cross-bar c. An 
aperture of the required diameter is now bored in 
the block; it is then taken out of the fh^me and 
sawed in half, so as to fbrm a top and bottom bearing; 
d shows a section of the frame; any other form of 
groove may be used, but we have selected the V jn 
account of the ease with which the blocks may be 
fitted to them. One great advantage of the hitter 
apparatus is, that the two bearings may be brougM 
t^ether when the hole is worn. When a slide-rest 
is used, this additional support should be attached 
to it ; it will then keep close to that part of the 
work on which the tool is acting, by which a more 
satisfactory piece of work is turned out, and the 
trouble of shifting the poppet avoided. The appli- 
cation of a littie grease to these bearings wUl some- 
times be found beneficial. 

An apparatus called a boring collar, somewhat 
similar to that just described, is used for supporting 
the ends of pieces of which the ends are to be bored, 
and which are too long to be held by the cup-chuck 
alone. It consists of a plate similar to a face-chuck. 
Fig. 3446, through which a number of conical holes 
are bored, whose centres are equidistant from the 
centre of the plate, so that when the latter is turned 
on its axis any hole can be brought exactly in a .,:,,.,* ^i*i.«, «r ♦!,« 

Itoe with the two centres. The plate may be attached to a standard similar to either of the 

^^'T'mfy sometimes occur that the work to be turned, as a wheel, the foot of a sUnd, and so on. 
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is a elide which fib the lathe-bed very 

a direotion exactlv parallel to the axis of the 

lower one and sliduig apoa it in a direction al 

orew attached to the lower slide, whioh gears 

'^Ibn the slide i' ia fitted a bduiJI slide c, tipon which 

i^tfbjg elide ia moved in a direction parallel to the 

e 6, gearing in a, similBl manner to that in the 

le bed either by hand or hj means of a screw 

to a not mode in two halTes, so that it m» be 

S ke nnt. The ase of this sorew, which is callea the 

'a|>ppet-head,and constitntoa what ia called a ecrew- 
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^t£Gi&Si^Sa\v^liag lathes ia represented in Fig^ 3450 to 34S2. 

' ^^ilSd^kSSrfS^Btion. This head ia fitted with ipe^d paUeya/, 

"" " drive it direct or loosened, and geared hy a tooth- 



'iZWA^&tSff^^^i^ drive it direct or loosened, and geared by a tooth- 

^ H^S% ^^tlh^SArSPtT^^ mandrel, which ilsapptnted in bearings at each 

^ miS^t^i'^'f'dS^ of S<^f ^*^ tho«e ou the mandrel hy sliding the 



of gewr b; a pin paniug into the bearing, 

^. On the end t of tbs mandrel a toothed wheel 

1*24 may act directly upon another placed on the end 

yHfli it by means of one or two intermediate wheels, 

<E|&3i of the intended screw. 

.^^C^ ratio between the speeds of the nuuidrel and lead- 

' ' ""itnming or screw cutting. 

foot-lathe, with planed bed, standards, anti-frio- 
'^heel, hand-rest, face-plate, drill-obnck, and two 



&8t and loose headatock, hand-reet, and metal 

arrangement of oompoand slide-reet ia shown in 
illustrate principles; Figs. 3453 to 3457 are not 
the higheat style b; J. a^ H. Qnynne, of Ham- 
ichester. 

Merritt's machine for boring angular holGs. B is 
and E E bevel-gear for commimicating motion to 
baring machine conaiats in attaching around the 
" — " — the under-side of which ia a path of 
attached to a boi haviDg a lack and 
inside shaft. To the bottom of 




gitaa'jWJ^* cam H, on th 
ig^tSiimw/^TTinB a truck at 
l^ijM^^J9«|fi«ift as well as to 



■f. . _ 

— N ^B 

III - 



.^. w .^.^..^. - ^.^ 






I6^_ . ifjlf^''^- 

Sliiffi^^S i*t t ISll^Wt/Si^^ ' ^ ""^^ *° <^' *^ anger into the m^ 
WS^Wim^ml^i^fl miVifie 'i^'-fi i> B prnion wtdeh geu* into two ncka^ 




J^ged that when the main ahatt rotates, the innei 
4he cam, tunis oae-half way raund. oauBiiig the 
p4Sg«ircu]ar hole to the angle, a« at J J ; the open- 

tS^S^^ are thOB cot to form the anfn^lar hole. 
^S^uVtfui upon mathematicHl and other inatramentB, 
K;!a%£»ie of tno kindi^ designed req>eatiTel7 to divide 

_ — ir;^'as: 

^K7^«^>l«£ftincipal part of these maohinea eoDBlsts of a acrew 
r^^fvSS/'-^^'^tB some exact measure of an inch, or some other 
bi^A&Svta^ iS^ways eqnal to 1 millimetre. It is obrioos that 

shoulder, end works into a female screw, to 

frame O, Fig. S4C0, bearing theee iDBtrumeots, 

' It will be seen that when the screw is turned 

female screw odvanoes a linear quantity pro- 

^ _ew. The part C is furnished with a tracer to 

^>s marked upon metal, the tracer or (iravcr is of 

-.Jft required. The piece to be divided is plaoed 

l^tfUvenient distaooe. The graver ma^ be raised 

■goring the time the latter is in motion ; when 

lied down upon the piece to be divided, and a 




^i*^^3 



ibed aboTs are those which are adopted for all 

, tbeae kinds differ widelv from each other with 

the distance and the length of the division- 



■i>^ 



_^.Ca?'ffifg|i**t;>iS^ira^ 'H- aof engine, ne will aelect one which 8eem« to be 

^^ui|i||i^i<%H Ittfeallenm. whoae inrtmmeDts are justly esteemed 
i{l^<S(^kB^ mk] QlW. W.-Bl^^^iieUl sUb upon whidi the port C alidea. The 




r IS* ^f^si^^''™''*' ^J ^' ""^ H' B B iB the plane t^ble, 

j'<^^^^e*^ViTi<led u pl«oed. This table tunu kbout the 

f*^! '^'^'*^,'ii^'VaVo^^ pieoe atkj be biongbt exsctl; puallel to the 

ipKV ifflj^'V^I'i^^gnwa hj taming about the rxIb f m ; et the BBiue 

^^^'~ Vr^V^^^ISi*! ^° '^'' '''*^ "'* P"^^' ™"r *" iiougbl into 

3t,^'fCi^hBBglfei{ point it* oonatniction will kIIow; then pressing 

'•^'*=^-^'^"**'-*'^wtnnw oT iteelf to its oiiginsl position, and the 

following unneeineDti ;— To the pMt ikim are 

.- ^ piece ii Bnother vertical piece tunuog about 

■^jgffe.but the wheel i which it bean on ita upper end 

~^with which it ii provided laterally. ThJa third 

ai^tal pieoe (. It followa that when the gtaver ia 

'^^^^ i h, tne third pieoe tarns abont ita lower end, 

' — *" plane d meetiag the end of a fixed acrew d, or 

aorew o working in the piece ftied to the fmne. 

towards ita position when at rest, the third pieoe 

4^ oontrar; direction about its lower end, and it* 

^§n>e d meeting the end of a flied screw v' or bj the 

~*'-*"-' ~', Let us suppose, in the flrat place, that we 

9 diitanoe of the tarews e and zf is regulated 

[nired length, and the Mrewa o and o" are with- 

' with thrai. The plane d strikes, In tills case, 

-.onsof the fivme iilmtn tbna regulated in a 

of eqitat length. Snppoee now it is required to 

f-^sTBo- ^sry filth, (or example. The eionrsiona of the 

•ll&ip&ac </, becBuao the screw* b and i' will have been 

^«^^«^f cgulated by the wheel i. This wheel is pro-rided 



. _.. .. small ratohet- 

^he end of the piece H works into the teeth of this 
Hie end h ia brought back, the click presses upon 
rer returns to ita place, the click eacapea from the 
ivident that at each division traced, the wheel & 
.cguleted in such a way that at each fifth diviaion, 
ihea to the aetews o and a', which causes a longer 
the operator to tee whether or irot the diiislMia 
' ' ensure to the moUim of the graver a dlreo- 

iling the iuterval of the divisions. The wheel E 

'*' - nence when it tuma by n divisions, the screw 

3ans of a system of gearing we may turn the 

of divisions of this wheel vi;hich pass a fixed 

idenl of the attention of the operator, an arrange- 

•omewbat aolomaticelly, thus avoiding a chance 

J&Jane by Fig. M6i. The axle of the crank M is 

'atliSSi&^ is fixed a ratchet-wheel R having 100 teeth. 

J8l^^lSa.H similar wheel R'. The first is provided with a 

'i|^^^^rit|S>W^t^ teeth of the second. If the orank is turned in tho 




t 



iting motion, liinitad by the projeotins pieces 
•J ngorously eqoal quantitiea regulated beforo- 
. sorew forwBid half a millimetre at a time, we 
>pftoe which eeparatea the Btope shall be exactly 
pmjectionB being supposed to ooinoide eiacUy 
3 be obliged to conaider the thicknesa of the 

'^*!<^'l7 °f ">B spaces vhich sepamte the diTiaiona 
■— But if the interval ia to exoeed 1 millimetre a 
IS the following; — 

working into the end of a lever L, which httna 

into a Btraight rack upon the rule E H. Cod* 

backwards or forwards in the direotion of ita 

_^ta the intervsl of tbe projeotiona so that tho 

iber of tunu and a fnuition <^ a torn correspood- 

" the stop V being in contact with the proje»- 

'mark diTisiuns, the interval of which may TSiy 

the eirola to be divided is i>Iaoed oonoentrioally 



oentte. Fig, 3462 she 



Fig, 346S 
of which D 



lie carefully measured. When this distanoe is 

i^imiture of wax and resin, and the iraeratioD of 

~ of centring ie a delicate one, bat it is indi»- 

le limb of an instrnment used for ai 

S^Jt *" •' «-y« ^ H^2S*^l«^*'^'t'l^nwvo it, and every mechanic haa been w 



.... .-jm^LB. 



the edge, iiutead o[ 




1, project 
^reveotiiiK the necewity of uBiog a separate tool 

, rt, there will be no neceaeity tor previonBly boring 

,I^*|3* iMrly home, the driiec may be raised and the 
M*i^a^>8 driver la eqiiftlly effective. One advanlage of 
it, the absolnt© coanectioti between the screw 
e the screw into wood at any angle, perfectly 
._ > H^f ^^ ecrew-head from this style of construction, 
^^S'KSIre control over the ooane of the m —- 










••»••»"»"*••*• 



__ g. 3166. The nut U in two halres, A, which 
lj%'MtS'P'«oe B. The whole u oovand b; the cap. Fig. 
IrjQlBlloreirbrapiu oi bckw in euh projecting into 
1 'j^Mi the lover pration of tbia cap are seated into an 



ehknk of the ciicnlM tied-pieae 




CK'°%S''V^a^€^'M''^ epout adze; Fig. S475 a oooper*« sdie, with a 
^^^rt|f oo|ci||n^>a^ This hand-too), to Ik perfect, mtut have the 
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An axe is a hand-tool nsnallj of iron, with a steel edge or blade, for hewing timber, chopping 
wood, and so on. It oonflists of a head with an arching edge, and a wooden helve or handJa 
Fig. 3477 iB of a colonial felling axe; Fig. 3478 an Australian felling axe: Fig. 3479 a wheeler's 
axe ; Fig. 3480 a north country ship-axe : Fig. 3481 a Dutch side-axe ; Fig. 3482 a Brazil axe ; 
Fig. 3483 a broad axe; Fig. 3484 a Kent axe; Fig. 3485 a Sootoh axe; Fig. 3486 a blocking 



348S. 



348L 



94801 



3119. 



3478. 



3477. 




S483. 



3484. 



3486. 



3488. 



3487. 







348». 



3488. 



3480. 



8481. 




^ 





=^ 





3482. 



3493. 





axe; Fig. 3487 a ooachmaker's axe; Fig. 3488 a cooper's axe; Fig. 8489 a long fellinff axe; 
Fig. 3490 a common ship axe; and Fig. 3491 a Kentucky wedge-axe. This important tool must 
have either the centre of percussion or centre of gravity of the moving mass directly over and 
in the plane of the cutting edge. Fig. 3492 is of a Canada hatchet, handled ; Fig. 3493 an 
American shingling hatchet, with claw ; Fig. 3494 a shingling hatchet, with hammer head ; Fiff. 
3495 an iron-handled butcher's cleaver; Fig. 3496 a bright meat chopper; Fig. 3497 a Norfolk 
and Suffolk single-edge bUl, tanged and handled ; FIr. 3498 a Yorkshire socket bUl ; Fig. 8499 a 
socket lopping bill ; Fig. 3500 a Nottingham tanged bill, handled ; and Fig. 3501 a strapped switch 
hooky single or double hand. When the cutting edge is required to throw chips, the piuae passing 
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through the centre of pezenflrion must also paas through the bevel, and not through the oatting 
edge of tiie blade. 

34M. ««• 





3496. 




3501. 



(^ 



o o o 



\^ 



-o 



349Y. 



3498. 




Annth and Swage^locka, — See Anyiu. Fig. 3502 is an anvil for light edge-tools : Fig. 350S an 
anvil for heavy edge-tools; Fig. 3504 a peculiar^haped anvil, ns^ in the forging of shears; 
Fig. 3505 a saw anvil ; Fig. 3506 a sickle anvil ; Fig. 3507 a pocket-knife blade anvil ; Fig. 3508 a 
single hand file anvil ; Fig. 3509 a table-knife blade anvil ; and Figs. 3510, 3511, swage-blocks. 



3502. 



3503. 





3506. 



ssoe. 



u — i 





3504. 




3511. 




SSOt. 




8508. 




3600. 
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yVn and OoppenmHh^ Tools. — Fig. 3512 is a block hammer; Fig^ 8513 a ooncave iiajnmer; 
Fig. 3514 a rivet set ; Fig. 8.515 a grooye punch ; Fig. 3516 a holluw punch ; Fig. 3517 a teapot 
neck tool : Fig. 3518 a tea-kettle bottom stake; Fig. 3519 a kettle lid swage ; Fig. 3520 a funnel 



3512. 



S613L 



3614. 



35Ul 



S51& 



3617. 



3518. 



8619. 










3530. 



3621. 



3522. 



3:.23 





U 



3624. 



3526. 





3326. 



'iff!fli'i!i!i!i « 




stake . Fig. 3521 a side stake; Fii;. 3522 a tinman and brazier's horse; Fig. 3523 a beck Iron ; 
Fig. 3524 a saucepan bellie stake ; Fig. 3525 a grrooving stake ; Fig. 8526 a creasing iron. 

Fig. 3527 follies; Fig. 3528 stock shears; Fig. 8529 block shears; Fig. 8580 a bottom dosiog 



S63Y. 




3528. 




5 Z 



I B^^^^'f|~^S^#?f^^^^^'S^ *^^^- Fig. 8532 ft jeweller'a mUl; Fig. ! 
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riammer^heedB ; Fig. 8544 a aledge hammer-head ; Fig. SMS a oontraotor'B hammer-head for 
stonework ; Fig. 8546 a hammer-head for riveting ; Fis. 8547 a mason's hammer-head ; Fig. 8584 
a shingling hammer-head ; Fig. 8549 a ship-oarpenter's hammer-l^ead ; Fig. 8550 a oqaQh-trimmer's 



3543L 



364L 



S54X 



3544. 



3648. 



364QL 








364a 



S64T. 



3549. 





8648. 





3650. 




8651. 



35631 



8564. 



8666. 






o 




o 



u 



hammer-head; Hg. 8551 a saddler's hammer; Fig. 3552 a London glaader'ci hammer, Fig. 8553 
a lathing hammer ; Fig. 3554 a farrier's shoeing hammer ; Fig. 8555 a plnmber*s hammer ; Fig. 8556 

5 z 2 
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a slater's hammer, with pick and claw ; Fig. 3557 a brick hammer ; and Fig. 3558 a fireman'i 
hatchet or tomahawk. 



' ssse. 



356T. 



3558. 






c3 




The handle of a hammer mnst be bo formed and fixed that an operator may deliver blows 
without shook to his hand and arm ; in this case the centre of percussion of both head and handle 
and the point struck must be in the line in which the centre of percussion is forced to move. It 
often happens that the centre of gravitj^ or the centre of gyration of a hammer nas to be directed 
on a ^yen point ; this is effected by giying to the head ana handle peculiar shapes. 

I^g. 3559 is an arrangement of a hammer for striking bells. The spring below the hanmier 
raises it out of contact with the bell after striking, and so prevents it from interfering with the 
vibration of the metal in the bell. . 

Fig. 8560 is of a tilt or trip hammer. In this the hammer helve is a lever of the first order. 

8BC9. ^ t 356X 




8661 





I 



Fig. 8561 exhibits the mechanical combinations of Grimshaw's compressed air hammer. The 
liead of this hammer is attached to a piston A, which works in a cylinder B, into which air is 



HAND-TOOLS. 



1818 



admitted — ^like steam to a steam-engine — above and below the piston by a slide-vahre on top. 
The air is received from a reservoir 0, in the framing, supplied oy an air-pump D, driven by a 
crank on the rotary driving shaft £. 

The Bucoeeding examples indicate how the power of hammers may be calculated. 

Example, — Suppose a hammer H, Fig. d562, strikes a nail N, and drives it \ of an inchf the 
hammer weighs 11*58 lbs., and in delivering the blow it passes over the space QN = 10 ft. 
in a second ; required the force in pounds delivered by the hammer upon the head of the naiL 
10 ffc. : 1" : : -^ ft. : •^", Hence the time occupied in driving the nail } of an inch cannot be 
less than -^ of a second = t 



11 58 



m 



F = J X = '36 X 480 X 10 = 1728 lbs. 



.'. The force in pounds delivered upon the head of the nail is nearly = a ton. 

Let us take another example, and suppose a large hammer, weighing 1930 lbs., moving with a 
velocity of 40 ft. a second, and to strike a mass of iron which it indents ; the indentation is } in. 
deep with a surface area of 16 sq. in. ; after the blow is struck the hammer rebounds 2*5 ft. What 
is the force in pounds delivered on the sq. in. by a blow of this hammer? } in. = ^ of a foot ; 
then 40 ft. : I" II -Jt f^* * vhs" '* ^^^^ ^^ time occupied in making the indentation cannot be less 



than ^ of a second. But F = —- x o. (See Essential Elements of Practical Mechanics, by 

1930 
the Editor of the present work.) The mass of this hammer = -^^ = 60 ; then in this case 

F = ---xo = 60x960x40 = 2304000 lbs., which is the force in pounds delivered upon 16 sq. in. 



2804000 



= 144000 lbs. on each square inch. 



40« X 1930 



= 96000 units of work in the 



16 * 324 

hammer (Essential Elements of Mechanics, p. 97). 1930 x 2 * o = 4825 units of work in the rebound 
of the hammer ; hence 96000 — 4825 = 91175. Then if or be the area ^ ft. the depth of the iron 
displaced by the blow, we have x x 144000 x ^ = 91175 units of work. .*. x = 15*196 sq. iiu 
the area for a uniform depth of } in., as if the iron was displaced by a punch. 

Saw. — A saw is an instrument for cutting and dividing substances, as wood, iron, and so on, 
oonsibting of a thin plate or blade of steel, with a series of sharp teeth on one edge which remove 
successive portions of the material by cutting or tearing. 



3E63. 



3S64. 





S665 




3568. 





3567. 




Fig. 8563 is a hand, panel, and ripping saw ; Fig. 85G4 is a grafter saw ; Fig. 3565 a tenon saw ; 
Fig. 3566 a dovetail saw ; Fig. 3567 an iron bow-isaw ; and Fig. 35G8 a turning saw in its frame. 
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•^«^^^'^>IBuC9>jiBy §1^ Qiip&A^hsn has perfectod li the bond, hogsluad, or caak; 
»rigS^ityiia»BgtglB]SfK--<fl!|iMtoe to pliM with gnataeaae uum an^ other form 
.^^^PvP'iv'tn93N5r-9^S;i?w'@i^ *°^^^ "^ ^ ooopei^ diiren for tightening 







Si:'|.: 








lb 1 Fig. 3573 a coopei'a nhiael : Fig. 3574 k bung 
'S'^* ft cooper's two-hand loimd ^ave ; Fix. 3577 a 

„ JOSve, and Fig. 8579 a oooper'i iha»e-iion ; Fig. " 

''^l&^l''^*'^®*'™ ■hftTft-iMii; Fig. S5S2 a ooopet'a jiggar k 
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Fig. S583 a London jigger knife; Vif, 3584 a brewer's gimlet; Fig. 3585 a ooopei^a Woe; 
Fig. 3586 a cooper's biok-iron, nsed pnnoipally for punohing holes in hoop iron; and Fig. 3587 
a cooper's flagging iron. 



35S4. 





3585. 
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3588. 




3S9A 





3591. 



asMi 




\: 



o o 



3593. 



3594. 



-=1. 
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Squares and Bdveh, — ^Fig. 8588 is a T drawing square; Fig. 3589 en ordinary square, with a 
level attached ; Fig. 8590 a common brass-mounted square ; Fiff. 3591 a mitre square ; Fig. 8592 
a bricklayer's square, London pattern , Fig. 8598 a brass-stocked saali square ; Fig. 3594 an angle 
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bevel ; Fig. S5d5 an improved metallic frame slidiDg bevel ; and Fig. 3596 a boat-builder's bevel 
with two brass blades. 



369&. 



asM. 





Engraver^ Tools,— ¥ig. 3597 is of a square graver ; Fig. 3598 a lozenge grayer ; Fig. 3599 a flat- 
edge graver; Fig; 3600 a bent aqpaie grayer; Fig. 3601 a bent lozenge graver ; Fig. 3602 a round 
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SS97. 



3698. 



3699. 



8600. 



8601. 






D 

o 



a:: 



8602. 



^ 




C±n <£ 




3603. 



3601 



3605. 




3606 



3607 



I 






A 



3608. 









3609. 





gmver; Fig. 3G03 an oval graver. Fig. 3604 an engraver's knife. Fig. 3605 a flat oval graver; 
Fig. 3606 a flat engraver's chisel ; Fig. 3607 a half-round bent engraver's chisel , Fig. 3608 a flat 



iiiiSiiii'^it 







-Sj'-S- 



Ca&tflJu^niitiiK the cutting edg< of metal-timiiiig toolt 
~ '>il3r'.SSiiHg& Stiie to W3li ue oT a wt of tutnitig tooU 
iS»i£&iUS^StiJIAi tSAm enttiDB, 

'&^S^gk ^Sliivfto^iiaviiig the (nr&oe covered with tbup-edged 

.<e^i &y?ficBfe^&JiiSaB a gth " •ubalani-ee, m toetab, wood, luid bo on. 
•■■|5^^tt^&'BB^wK?if3''^^e bj itttisht euta of a oliltel, either liDgle or 
Mi||>li|^^M||iiij|b>^*t^'«i*ed by the pTiamidai end of > taiangubr 
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Fig. 8651 is of a amooth needle file; Fig. 3652 a round-off file; Fig. 8653 a thiee^naro 
taper file; Fig. 3664 a bastard knife file; Fig. 3655 a bastard rifOer; Fig. 3656 a saddle-tree 
rasp: Fig. 8657 a roond rasp ; Fig. 8658 an improved shoe rasp ; Fig. 8659 alioiBe mouth rasp. 



3651. 







366X 





sesa 




3664. 




S6U. 




3656. 





3658. 
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36611. 




D 



The effective power of the file resembles that of the saw, which has the power of a 
wedge not enoomoered bv the friction of one of the faces. The angle of the faces of the 
wedge is formed by the direction of the applied power and a tangent to the teeth. The 
diagonal position of the furrows of the file giyes an additional shearing wedge power. 

ChiseU^ Gouges, and Pkmea.—Vig, 3660 is of a shipwright's sharp iron chisel ; Fig. 3661 



t 



3660. 



3661. 
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a ship slice ; Fig. 8662 a turning chisel ; Fig. 8663 a turning gouge ; Fig. 8664 a hookfoinder's plough 
knife ; Fig. 8065 a common plane-iron ; Fig. 86C6 a round nose plane-iron ; Fig. 3667 a cut 
plan^iron ; Fig. 8668 a round noae double plane-iron ; Fig. 8669 an ordinary double plane-iron ; 



86ca. 
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866S. 
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3864. 



sees. 



96oD. 



366Y. 



8«6S. 



3M9. 
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30Y0 





8671. 



^ 




3672. 



Grecian Ogee 
Raking Squaiv. 





3673. 



Grecian Ogee, 
with Square. 





Fig. 8670 a trying plane ; Fig. 8671 a smoothing plunc , Fig. 8672 an otoIo easli plane, to stick 
and rebate ; Fig. 8673 a mbbet or square plane with skew eye ; Fig. 8674 grooring irons ; 
Fig. 8675 a coo^s jointer iron ; Fig. 3676 a coachmaker's T ^^ •' ^ig. 8677 a skew rabbet iron; 
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Fig. 8678 hollow and round rabbet irons; Fig. 3679 a striking knife; Fig. 8680 a carpenters 
drawing knife; Fig 8681 a cooper's staff knife. Fig. 3682 a mast shave; Fig. 3683 a London 



8674 



8678. 



S6t6. 



8671 
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8680. 



8681. 







8684 




8688. 
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coopei»8 hollowing knife; Fig. 8684 a conunon chisel; and Fig. 3685 a common googe, fixed to 
its handle. 






donble-handsd ooraw atodt, with four 

dock acrew plate ; Fig. 8699 a. 

aorew ttock ; Fig. 3701 an ordiiivy 

bnoe; Fig. 37(H a ping centra bit: 




I 

J 



^IJ^^'^''4^'^I"'^''S^**^^ " rc»B-he«d cmntardnk; Fig, TJVJ • fiat-hMl 

^|S»t|B«iS|k-g*«»«^»«»T|«^o.Fig. 3709 a bobbin bit; Fig. S710 a taper bit- 

y^rt^BMffg.ig: Jril^>?a)g&« ; >ig. »713 » noae bit; Fig. S7H a nmon bit: 

ffl''v?'ffi*3SC"|fc^»*S*Cf-r<n>iid rinder; Fig. 3717 ■ eimlet bit; Fig. S7I8 

•Sf^S'SS^sS'l'®^' **" »»*<*«' ^race; Fig. 3720 a self-feeding 

.. _. 'i^'ll'?'fe'?SI^S|J'«l'«' *«»<*: F'g- S7Z3 Oalvarf* ralcbet biaoe; 
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1)14. nit. ari*. mt. m* 
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gas-pipe wrench ror Iron pipe. 





Ait or enteruig gongs for soiibliig; Fig. 87M a 
. Wt apoonbil or eDtoring gouge ; Fig. 8756 
:«ntter'i obiael. 
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l^lit&tf^|l£t^ttl!SVrarfi 3759, tsnaen'kDiTM; Fig. 9760 a eiiiTter'i knife; 
^^Bnff'B Hi«^-'B^rai Fig. 9762 a BUiiner'B Mnnd nwon kniie; Fb. 



^se^ 




|£^^/i^.^^43Ve.9£;9.9£iiC^ beor: Fig. S766 a boiler enmp; Fig. S767 
^^|^2|P^|&;S» -^1^ ffielwrigbtB, ot miliray curiage bdlden ; Pig. S 
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awiooght-uonpazallelTioe: Fig. 8769 an improred spanner; Fig. 8770 Fenn*8 spanner ; Figs. 8771, 
8772, screw-keys; Fig. 8778 a key spanner; Fig. 8774 Oybtim's spanner; Big. 8775 Budding's 
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STtO. 





stn. 




9TT& 
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STTft. 
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zm. 
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srsi. 
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spanner: Fig. 3776 an improyed evlinder wrench; Fig. 8777 a joiners or carpenter's mallet: 
In^ 8778 to 8780 calking irons ; Fig. 8781> a brad or nail punch ; Fig. 8782 a tnmscreW, London 
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_ Fig. 8801 ft tiunwn't plten; Fir- 3802 

Fig. 380i elook pUtta; Vig- S805 lomid-noMid 



•fc=^«»»^-e9fc^_?^i«|g|*j|,^,.HjJ|07 nipper pllew; Kg^BSM r|(» otap lUd^i 



^.Sffi^SnB SVlofJBElS^H^ SSIO u imptoved n*r lot; Fig. 8811 k b 

SImIbSimSi W^BwKlS^IS a box vhlrl drill ttock. 
ISMrW[|8AjSQG|iHaeai Pig. 3813 wing oompMWi; Eig. 31 
Kf •^■vSiMFw'fW^f'*"^ Pig. 8818 imprared inaide utd ooti 
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!g. 3820 ii a dedm^ aam gkom. The eooentrtoitT 
tha ditmeter of an7 mull bod; wbioh ia held 

I cam. The Index iJwafa pointi la the oentre 

i|iina]i^^ distance between the anrfiM of that itnd and tha 
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HAND-TOOLS. 



7Voi0e/«.— Fig. 8821 is of a mASon's trowel; Fig. 3822 ft Londoii brick trowel; Fig. 8823 a 
pointer's catting trowel * Fig. 8824 plaaterers* trowels ; Figs. 8825, 8826, plasterers* moiil<Ong tools. 
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SickleSf or Beaping Hooks, — Fig. S827 is of the form of reaping hook used in Yorkshire and the 
North of England; Fig. 8828 a Welsh hook; Fig. 8829 a Kent hook; Fig. 3880 an English 
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bagging hook: Fig. 3831 an Irish riokle with sqnare heel ; Fig. 3882 a bean hook; Fig. 8883 
a pea hook; Fig. 3884 a United States' Yarriok nokle; Fie. 3835 a Bnwian sickle; Fig. 3836 a 
Spanish sickle ; Fig. 8837 a German sickle ; Fig. 8838 a Poland sickle. The sickle has &e power 
of the cam and saw combined ; it acts on a small sheaf or bundle of grain collected by the left hand 
and the bay near the handle of the instmment ; the small sharp teeth which point to the reaper 
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do not retard the process of gathering the grain. The reaper with hU right hand dra^ 
towards hfan and^brings thS hollow toothed-cam into contact with the ^^.^Ji^^J"* «J*5^' 
rathWsaws. with great ease on account of the shape of the instrument and his own phyBi«J 
fomSiSSl^Flrs^ls of an or^ ^ 

AOBICULTCBALlMFLEinNTS. 
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Spado, Shottehf and acoop8,~''Fig. 3841 a gravel shovel with long stiap ; Fig. 8842 a tender or 
looomotive shovel ; Fig. 3843 an imperial Scotch spade ; Fig. 8844 a soughing spade ; Fig. 3845 
a soughing tool ; Fig. 3846 a long-handled Irish spade ; Fig. 3847 a deep dnining tool ; Fig. 8848 
a mud shovel ; Fig. 3849 a bottoming spade ; Fig. 8850 a flat scoop ; Fig. 3851 a draining hoa 
Fig 3852 is of a pick-axe ; Fig. 3853 is of an ozdinary hoe. 
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«^~^\ntM5^4BtaC9iad-toolH of great diuabilitj, fonned to efleat 
J»BiiBkBBiM.BB£H»eT. »Pd precwion. Host of oui illiutiBtioiu 

!a^7iBBi9A2i^WiiiM<j|2£*ana Sod, of Glugow, who, ai tool-maken, 
"^~t HI El3UU|ftiHlie baldening Mid tempering oT 



an improred tnfetaiDg jack : Fig. 8836 



of band-tool* to 




Ji4^]^s-aeation of a dome ooTer, with the tool Id 
^iBl^6 tool itaelf. Fig. S8G0 ie a •eotioQ, Bhowing 
^agC^ofnutA. The aotioB ia eaaily explained : 
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thufl, referring to Fig. 8868, hold the nut A by the stalk and mm it under the bridge of the ?ml w- 
Beat B • screw the pSlar into the nut A, then place the box handle D, which carries the cutter Ei 
which is bored out to receWe the spring F, on to 0. Screw the nut G, Fig. 3859, to supply the fe^ 
to K then the tool is in perfect order for facing the top of the yalve-seat ; when that is completed, 
change the cutter E, and insert another cutter K, as shown in Figs. 8868 to 3860, to give the proper 
mitre for the Yalye to rest upon. This tool is valuable in railway establishments, as safety-Talve 

seats frequently require facing. , „ . ^ ^ . », v .^ i_i 

Fig. 3861 is of a hand-power bench drilling machine, by Muir and Co., of Manobester, capable 
of drilling holes J in. diameter, 3 in. deep, in wrought or cast-iron and steel, up to 1 ft diameter 
by hand-power, consisting of independent framing, securely bolted to the foundation, which seryea 
as a table for articles to rest upon while under operation. This hand-tool has a cast-eteel spindle, 
with parallel bearings, and feed-motion attached ; it is worked by a square-thread screw and hand- 
wheefat the top of tne machine. It is furnished with a large fly-wheel, adjustable hantUe, and 
wood ferrule. It has a driving shaft and bevel-gearing for the spindle, and chucks for holding the 
drills and nut-keys. See AomouimjBAL Implbmkhts. Allots. Anvil. Arte8L4N Well. Aloeb, 
p 203. Awl. Babbow. Batea. Bbixowb. Bench. Blast Fubnaob. Bobino and Blastdto. 
CoKffrBucnoN, p. 1034. Gbowbab. Bleotbo-Mbtallubot. Fqbob. GBiNsexoNB. Hachinx Tools. 

3861. 




H ANGEB. Fb., Palter pendant ; Geb., Hanaelager ; Ital., SoUegno tospeao ; 8p., Soporte sutpendido. 

When huigers with long bearings were first introduced, the attempt was made to use long 
boxes for line and countershaft journals, as well as for all othm, but the warping and shrinkage 
of the girders and ceiline joints to which hangers are almost invariably secured soon threw the 
boxes out of line, and had a tendency to bind the shaffcine, and left no alternative but to return to 
the shori box, unless some device could be found whereby the box would be free to adjust itself 
to the shaft regardless of the position of the body of the hanger. Among a variety of contrivances 
desired to accomplish the above object an application of the universal-joint arningement waa 
considered the best, as it is one of the cheapest, of all that possess the necessfwy requirements. 

The manner of applying the principle to line-shaft hangers is shown in Fig. 3862. The box, 
being secured within the rmg and between the two arms of the hanger by the four set screws, is 
free to turn in any direction, and the clearance between the different parts admits of its being 
moved sideways, or up and down, so as to bring the shaft into exact line when the bodies of the 
different hangers are nearly in the required position. A section of box, ring, and drip-cap is shown 
at Fig. 3863, which may be used as shown in Fig. 3862, or in a bracket of the form shown at Fig. 
3864, or in a plummer-block. Fig. 3865. 

At Figs. 3866, 3867, a countershaft haneer is shown in which the same self-adjusting device 
is employed, but as only two set screws instead of four are used, the boxes are not adjustable. When 
these hangers are in use it has been the practice to make the journals from 3) to 4 diameteza in 
length, to chamber out the boxes, and line them with anti-friction metal. 

At Figs. 3868, 3869, a self-luoricating journal-box, applicable to the same hanger, is shown, 
in which it is proposed to return the oil from the drip-cup to the shaft by means of the two loose 
rings, A A. 

Figs. 3870, 3871, show a line-shaft coupling, which, with the exception that the cones are 
liable to stick fast, may well be pronounced faultless. This method was first introduced by 
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O. F. T. Yoang. A devloa, whereby it is proposed to oreroome this one difficulty, is shown in Fig. 
8870, and consists simply in having a tapped hole thzoogh the shell of the coupling, into which a 
conical-pointed set screw may be inserted for forcing the cones ont of their seat. 
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Fig. 3872 is of a method of securing pulleys to shafting by means of a split cone and one or 
more bolts. The advantages of this arrangement aie, that the pulleys can be set at any point in 



kt '<5l^LSUCUm.l>'»lH>J'^W>wget-acMW tnaAi, that the; will nm trne vhea 

Cni^lObSutM'tn'^Kl^B ^Sf^B^Mr "'^ original inTeator of the ByateOi of h&ngen 

K. «.tMilHrrH>i«>dn'^,.^..Hrl.Ml.inn.j hy Shanks in 1848 U shown in Fig*. 3873^ 

g for the shaft; c, the bearing; dd, tba 




' '^CsiC£i.is£iStW&wi^A£ b« readily adjtwtedT «, end of the ahaft; and /. 

k 'S?^^<S»*WM»"S' ^'^* j&ilWt of the sluft and bearings is adjusted. By thia 

sSiii^9Bi^if£&iJSkt^!t^»ff^t are attained, and the shaft thereby easily eel and 

iL^ Porto ; BPAH., /Wrto. 



ing objects D. Miller had in view were to treat of 
ilions (^ qnay-walls, piers, or breakwaters, for tbe 
V) deseriba works of thi« kind carried oat on prin- 
id to point out the further application of these 

[nired the adoption of very expensive means ; and 

'inrea, so aa to combine the various conditions 

ng the mechanical forces to which they are 

the elements, tbe boring of marine worms, cc 

Ifrto a desideratum. 

' ("ater have been practised ; but there are objeeUona 
.r eipensiTe nature or from defects in the durability 
iitmployed are ; — 

to about the level of low water ; 
ooffernlams; and 
of diving apparatus. 

deSoiency of atrength and of durability, u tbe 

iBore from behind the wall, and the heads of the 

and water soon decay, wben the weight of the wall 

structure. Where there ate marine worms this 

Jure of such works will occur to many. Beferriog 

older qaay-walla of ttie harbour of i31a^w wete 

~~i the decay of the pilea, or have required vray 

Glasgow Docks the walls, which were also bnilt 

sure foToing them out shortly after completion, 







i9»'^.*i9d!|^'i^J5^||^l6fFi-|8»08t effectcial, but it is at the same time geoemUy 
Bgt ' &9 ift w '''SVwV'iB »^y^i!S9*^°g^''' '" many cases, too. from tbe nature of the 






, coffer-dam. The construction of ooffer-dama,' 

ikill, buides involving great expense ; and wh^ 

V ,». V. ■ "°po'*'7 porpoBB, it must be conceded that it is 

^ *>!&*ii^e V which their use can be obviated, and idid 

■»■ ■»• ■»* 



■**%^P^ 1889 

Vipg Ml' (tod diving dreaet ha* been metued 

B^ov tiMd givea great fkcilitiea for thii kind 

ahetuiceB, uid it ia «l«o costly, besidM being 

'MM(''HpoTei Breakwater, Fig, 3ST5, is an example 

iSBHVSpo kD matance of the vast aama which mdj 

' ' ' T^'t^'^'^'Vi^ liS'^W^'^ *'*'* rtone stiooturea btiiit in the ncnal 

" ' '^^@V^@'%S'n^!«SnfK t^B pi^n of the Westminatei and the 

*< ■ 7^€94^T*gP<V^^I^ uid these works ue example! of mooen 

■ * ■ 41 ■■ ^f^gu^git^^g^t^mg soieotiflo principlee to Uie piootioe of 

^gif^ ■* 1% ^ ^l' ■ |<g^^Mi^UIK*|ge^^e plans for marine works. 

^^ 9i M ■ ■■ n''&^i^'B"@^*BS*^n'S times, was allowed to go out of nse, and 

~| * *■ M >■ ijH^ef^^^ji^ngi«i^^ as a oonstmctive material bjUie engineers 

" ' ^9W^&V^%V^^^iff9 ^^^^ faith ohieflj in works of cy^opean 

' ' *~^ '^SSli^f^^y'&\Sv^ ''^*^ ^y "'° '^™9 '^'- "^^^ French 

" S Miplwrai^^f^lt^Jii^ period in modem timea, lUiTe to the ndne 

* ' * Urfi^ff'W? Svf9^<*t3 IPP'^'i^t^ ^ England m n sabrtitnto for 
' ^ * ''" JL S *^Awy>i|jftMB|M&ife* works. Still, its um is chieQj oonflnod to 
*^ Cl*^ * 1 SH V|^ W'tSyOJil^l'^w^Sag''-'^''' fo'i'idationB, and not properly speaking 

^^_, Ml^vC "(f Kg^ jL^ "VMwWH il'rtl' ^' """^ especially the anthor's object to direct 
^^^ IjTfl^.^f* y%fWSWW*iffriBMt'fl* ^''° application of liquid concrete deposited 
*^w b B*"a %1 '^^\l'lWti>Mil|iIPIllM^%^Q>Jiliiiiiiiiiiii works, 

. i*^ '%*'% dl ■■■ ■ fiW&Nl'rfi'rfp'iB'PP''*^ '°' oonstruptiTe pnrpoees,— bnilding 

ttV^l^ ^hJ ^> t > ij |it ^fAMwMt^Ja>pgs to the work, as has been adopted in the 

V,*W *^^*4 ' V<f *'llMHH'''|fc 4p Kfflioee ofthe London Docks : preparing it flrst 

VT^"*^ ^'^'t "$ 'wr'irWI''lfWy^^ emptoved bj Walker at tbe Dover Breok- 

~'^'~'" ' *l(.$tV**!P9W7]n4|TW''wv^'"'^ ' arsenals of Flynwnth nnd Ports- 

_ , -„ 3J*'&*tf*Sff*W* Tfffi'^MffW?'-^ ittoset nnder wuter, na practiged npon a 

VLl^ ** ^ ^^ *'W ^[ "fty|BMftnWSi^pWyi''g» OoTemmout Graving Docks at Toulon, 

- r f bh i^ iiA ^%^ ^!wi$Wi>W'*S^«&''' " ^"1'"'^ ^^^ i" *^^ ^'B water, at a depth 

* ' "•'*'U J|twfMUiMWiq&}ii^ftoDabontlOOa wide, of the length of each 

■ ■ - ■ ^|f4'nn^|yQp*^|J^ thick. After the be'ton had set, the water 

" *'^ SVEi* ^S'£'^*£s^'f9''^'"7 to torok the altars, stairs, and Soor waa 

• ' ' ^^^'.^l^y^.'^ *^.'^^ which haa the iuvaluable property of 

■ 1 ' ■S^^mi&F<jU^qdjlI*S§*r<Kk or stone, are very great; as it may be 
« ' B$^g^iie^flCD^gt'tl|mrtificiaU; hydiaulio limes or oemsn^ or from 

' ' yjffl^to* M^'Sy'^Sy ""^ admizturo of othor subatancea, sncli m 

^ f^ %Vf'4i'^'nf)^^v'i^l' %9S'' ^''''^'' "^ found oitenaivoly in this and 

^ ' ^ ^* ViCJaiiiSETari'V*^^^'''" ''" '" Eiit!''">d, the limestone of Arden, 

^ Jl ly^BnlflfllfrflKcii 11, 1 specimons of their kiud, poaseming in 

■* aj>'^KiMftM & a i y ^g9r. Of the Arden lime, tbo autliot and bis 
*~ x-s ••-'■^^gi'lf^'H'wWsKinaUagn at Ghisgow. Greenock, and other plaoee. 
e \- a -As 0^S'>^&^3|J*^fi!^UC^4g*|iU^^iks at Liverpool, London, and other Impor- 
■fB I B aa^iijc-t&fa aduB/t^taaef^ it^ed properties. The liydiaulio limes of France 
KE '^^i ^'a'^'^'e?<^?S*e?''*l7^i^^VW^">° "" **" r""!""''™ °f *'"' l^^S^ concrete 
s X. "^^ -cai^.a jfcnf *^>3&ajuy|«i3ji(n^lie FroDoh breaknatera. It may be n^ful to 
w-i^a£ ->(-g*ic?au^a|Sib£&{tB|iB3W>^ coneretea made from these various limes. 

~ ^ec w ''^ .^CI'''VS*^B'^@*^'''Mr "C? V^^ ^"^ "'^ fo°l>dBtiouB of tbe la^e Oravinj; 

^v •J «3> tcCriC P^oQW^vi^S^^wl^i^n^^Bn lime, I part of iron-mine dnit, I part tit 
a xs: '«3-' a- %S%ivi*l*^^^wra&*@>?^9!''''gl'^ concrete, used at the recent extension of 
\ *^ MB jk^r-^ S| ^?'^^^^'^'t7'^>i@t'l'vi*'fi''^''° '''' "°" *" ^ P*^ of gnvel and soud. 
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The pioportioiu adopted for the bloclcB of the Mole at Maneillea, wero 2 parts of broken sfamea to 
1 of mortar, the latter beinff compoaed of 8 parts of Thell lime to 5 of sand. 

A knowledge of the mode of composing artificial hydraulic limes is of great importance in situ- 
ations where natural hydraulic limes are not easily procurable. Smeeton was the first to point oat 
that it was to the clay or silicate of alumina in the composition of the hydraulic limes that the/ 
were indebted for their peculiar property. Subsequently the able researches of Yicat showed hj 
actual experiment how all the rich or non-hydrauho limes might be rendered eminently hydraulic 
by burning them with a certain proportion of silicious day. Indeed, to Yicat is due the <»edit of 
having reduced the knowledge of limes to a system, and of haying shown the practical applicatioQ 
of concrete as an eminently constructiye materiaL The excellent artificial cements now mann- 
factured are most yaluable to the engineer ; and the concrete made with Portland cement can 
hardly be surpassed. That used at the new Westminster Bridge is harder and more compact 
than the greater number of building stones, eyen where put down in the bed of the Thames, 
and where it is exposed to the running stream. Portland cement concrete is also extensiyely used 
for the artificial blocks, weighing from 6 tons to 10 tons each, which form the hearting of the 
breakwater at Doyer and that at Aldemey, the proportions being 1 part of cement to 10 parts of 
shingle. 

£>me substances, such as pozzuolana-— a yolcanic production found chiefly in Italy— haye, in 
oonseauence apparently of silicate of alumina beine predominant in their composition, the property 
of giyinff hydraulic qualities to th^ rich or non-hydiaulic limes. It is of these that the concrete is 
made, which has long been used for marine works on the shores of the Mediterranean ; and, indeed, 
the piers at some of the Italian ports haye been constructed almost entirely of hydraulic concrete. 
Daniel Miller, the author of this paper, had an opportunity of examining at Genoa the extension of 
one of the moles of the harbour, tne inner side of which has a yertical wall constructed under water 
entirely of poszuolana concrete simply thrown into the sea from baskets carried on men's heads, a 
boarding confining it to the shape of the wall. In a short period it- set quite hard, so as to enable 
the upper part of 5ie waU, whicn is of stone, to be built upon it. The outer side of the mole, which 
had been prenously made, was formed by stones deposited ^ k pierre perdue." Though the depth 
of the quay wall was not great, this shows the confidence which the Italian engineers haye in 
concrete applied under water in a soft state. The piers of the new basin constructed by the 
Austrian (ioyemment at Pola, in Istria, are also formea, in a similar manner, of concrete confined 
between rows of timber piling. 

Perhaps the most stnking application on a large scale of pozzuolana concrete is in the great 
mole which protects the port of Algiers. To form the mole, blocks of b^ton of immense size^ so as 
to be immoyable by the force of the sea, were employed. Some of these were fonned m situ by 
pouring the concrete into large timber cases without bottoms sunk in the sea in the line of the 
mole. Other blocks of a smaller size, though upwards of 80 tons in weight, were made on diore. 
being moulded in strong wooden boxes. After the b^ton had set, the Mxes were remoyed, and 
the blocks were launched into the sea to find their own leyel. The b^ton for the blodm m situ was 
composed of 1 part of rich lime in paste, 2 parts of pozzuolana, and 4 parts of broken stone; that 
for the blocks made on shore was formed of 1 part of lime in paste, 1 part of pozzuolana, 1 part 
of sand, and 3 parts of broken stone. These blocks set sufficiently hara in twenty-four hours to 
resist the shocks of heayy seas, and the mole now stands firmly, instead of being, as it was when 
formed of loose blocks of stone in the time of the Moors, nearly destroyed*eyery winter. 

The French engineers haye shown great boldness and skill in the application of b^ton, as 
exemplified in the Pont de TAlma oyer the Seine, the arehes of which, as well as the piers, are 
formed of rubble concrete ; in the new Graying Dock at Toulon ; and in the formation or protection 
of breakwatera by enormous artificial blocks of b^ton, as carried out at Marseilles, Cherbourg, La 
Ciotat, Gette, Yendres, Cassis, and Algiers. When Miller inspected the mole, or breakwater, which 
encloses the harbour of Marseilles, ne found the huge rectangular concrete blocks, weighing 
upwards of 20 tons each, by which its seaward side is protected on the " pierre perdue" principle, 
perfectly entire and sharp m their outline, though they had been exposed for many years to the 
action of the sea. Anyone standing upon that mole, and witnessing in a gale the heayy seas 
breaking with tremendous force on these concrete masses and recoiling harmlessly, could haye no 
doubt as to the efficiency of concrete as a constructiye material. 

Hydraulic concrete, to be efiectiye, requires care and attention in its manipulation, and in the 
regulation of the proper proportions of its materials. Any failures must haye arisen from inatten- 
tion to these or similar points, as there is ample experience to show tha^ when properly made, 
eyery confidence may be placed in its strength and durability. Even where stone is abundant, 
this material may be often employed with economy and adyantage; but where stone cannot be 
obtained, the importance of being able to form an efifectiye substitute^ out of materials of so little 
value, and so widely distributed, can hardly be oyerrated. 

Constmction of bock ctnd Quay WoMs without Cofer-iktms, — ^In sea water the engineer has to 
encounter enemies which do not exist in fresh water, or at least only to a trifiing extent. The 
''teredo nayaliB" and other worms quickly destroy timber, and the corrosiye action of the sea 
water, and other peculiar properties, haye a prejudicial effect upon iron. In consequence of these 
deteriorating influences, these materials haye not hitherto been much employed in sea works where 
durability is essential. There is no doubt, howeyer, that they may be employed with adyantage, 
if protected from the destructiye action alluded to; and whateyer materials may be used, it is 
denrable that the surfeces exposed to the sea should be of continuous stcmework or other material 
capable of resisting its effects. 

As Engineers-in-chief for the Albert Harbour at Greenock, D. Miller and his partner BeU have 
had an opportunity of introducing a new system for the construction of sea-walls and quays in deep 
water, without the aid of coffer-dams, by which a Uige saying is effected, and works of greM 
solidity and durability haye been secured. 
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The aooommodatioii for the loading and diaohaiging of the shipping of Greenock oonBists of 
three open tidal docks or harbours, the most reoent haying been construetod by Locke. ExtensiTe 
schemes for wet docks have been proposed at different times by several engineers, particularly by 
Bennie, Telford, and Walker and Burges, but hitherto no wet docks have been constructed, as it 
has been considered that the moderate range of the tide — ^from 8 ft to 10 ft.— does not render 
them indispensable, and the trade is found to be efficiently worked by the present system. In the 
additional accommodation the system of harbours is adhered to, though provision is left for con- 
version into wet docks by the aiddition of locks and gates, should this at some future period be 
deemed advisable. 

The new works are situated on the west side of the town, and, in order not to interfere with 
valuable shore ground, they have been projected almost entirely beyond the high-watcor line into 
the sea. The depth of water at the outer line being considerable, the amount of excavation 
required in the interior i»4)omparatively little. The outer sea pier, according to the plan proposed 
by the engineers, encloses a large extent of shore as well as the Bay of Quick, and when carried 
out to the full extent will.be upwards of 8000 ft. in length. Within this area there is a space for 
two harbours, each 1000 ft. in length, 15 ft deep at low water, or 25 ft. at high water, with entrances 
100 ft. wide. 

The depth of water along the line on which a coffer-dam must have been constructed, had such 
been contemplated, is In many places nearly SO ft. at high water ; and taking into account the length, 
and that it must have been of strength sufficient to resist the storms of winter, it could hardly have 
cost less than 50,000/. Besides the great cost of a coffer-dam, there was another difficulty, as, owine 
to the line of the proposed new pier being close to the edge of the deep-water channel, it would 
have been necessary toproject the coffer-dam so far into the channel as to have formed a serious 
interruption to the traffic In consequence of these difficulties, and from considerations of economy, 
it had been the intention of the trustees to use timber for the outer piers of the harbour, and the 
engineers were instructed to make their plans aocordinglv. It was the opinion, however, of Miller 
and his partner, that in a situation where the sea worm is very destructive, the work ought not to 
be constructed of such a perishable material, and that it was quite possible to build a solid struc- 
ture, so as to avoid the difficulties referred to, in an economical manner. In order to effect this, 
thev proposed to construct the outer pier and quays forming the seaward side of the dock without 
ooflfer-dams, so that the pier might itself serve as a coffer-dam for the interior operations in the 
harbour which would afterwards be required. The seaward pier is 60 ft wide at the top, having 
quays on both sides. 

The mode in which the work was designed was to form the walls under low water of a combi- 
nation of cast-iron euide-piles in the firont with a continuous stone facing slid down over and 
enclosing these, and of concrete baiddng deposited in a soft state, all of which could be easily 
accomplished ftom above the water line. Timber bearing-piles were to be used in the body of the 
walls where required, and the npp^ part of the walls from the low-water line was to be carried up 
of masonry in the usual manner. Figs. 8876 to 8881. 

Granite from the Boss of Mull was substituted for freestone, for the stone facing under the 
low-water line, as it could be obtained in large blocks at a moderateprice. 

The first operation in the construction, when the water is not sufficiently deep, is to dred^ out 
two parallel trenches to 17 ft below low water, for the foundations of the waUs. A stagmg of 
timber piles is afterwards erected in the line of the pier over the whole breadth, for canjing the 
tramways, travelling cranes, and piling engines. Cast-iron guide-piles axe then driven from the 
staging, with great precision, 7 ft apart, in the line of the face of each quay-wall. These piles are 
driven till their heads are near the low-water line, and thev form guides for putting down the 
stone facing. They are oonnected at the top transversely by wrought-iron tie-rods stretchmg 
through the pier, cottered into sockets and binding the h^s together. At first it was thought 
that tiiere would be some difficulty in driving the iron guide-piles with the reouired exactitude, 
but this was overcome by pile engines of peculiar construction, devised by William York, one of 
the contractors, Figs. 8882, 8883. These travel on the rails of the scaffolding, and are furnished 
with long arms projecting downwards, stronglv stayed by diagonals, and forming a trough, into 
which the pile is placed, and from which it is driven by the pile engine in the manner of an arrow 
from a cross-bow, oeing obliged to go down perfectly straight 

The ground is verv unequal, the hard snbstratum, or red tin, being in some places 20 ft. below 
the bottom of the wall, the upper strata being mud and soft sand. In such cases timber piling, 
driven to the same level as the iron piles, is uwd to form a platform for sustaining the part of the 
wall above low water ; but where the ground is firm this is not required. When the proper depth 
has been dredged out and the piling driven, a bed of hydraulic concrete 8 ft. thick and 20 ft. wide 
is deposited in the trenches, to form a base for the wall to spring from, and to give a large bearing 
•nrface. Into the grooves formed by the flanges of the iron piles Isrge eranite slabs, from 18 in. to 
2 ft thick, are slipped, the bottom one resting upon a concrete base and on a projecting web cast 
on the piles : not more than three stones fill each compartment between the pfles, 16 ft. in height 
and 7 ft. in width. These stones slip into their places with the- greatest ease, and form the face of 
the wall under water. Behind this facing hydraulic concrete is lowered under the water m Iwge 
boxes having movable bottoms, and is dim^arged in mass to form the body of the wall. To confine 
this at the back before it has set loose rubble stones are deposited and carried up simultaneously 
with it The hearting of the pier, consisting of hard tiU, stones, and gravel, is deposited after- 
wards, and the whole carried up to the level of low water. 

The entire mass, piles and stone facing, concrete backing and hearting, is allowed to consoli- 
date for a sufficient time; after which the heads of the iron piles and the granite facing blocks are 
capped at the level of low water by a granite blocking or string course, and the upper portion of 
the walls is carried up in fireestone, ashlar, and rubble. The remainder of the hearting between 
the waUs is then filled in, and tiie whole is finished with a gnnite coping and oauseway. The 
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It hM been a mbjeet of dieenMion as to whether the long dope or the yertioal wall was the 
better section for breakwaters, and as to the relative force of the sea exerted -npon them. The 
observations which have been made on waves may be said to have settled this point in favour of 
vertical walls, as it has been clearly shown that waves in deep water are chiefly oscillatory in their 
charsoter, the fluid having little progressive motion in itself, and consequently exerting but little 
force on objects opposed to it ; but in shallow water waves assume an entirelv different character, 
as they acquire a progressive motion, becoming waves of translation, in which the fluid is carried 
bodily forwaid in a horisontal direction, and in consequence it strikes any body opposed to it with 
fretki perouBsive force. Yertioal walls, therefore, which rise from the deep water, being only sub- 
ject to the oscillatory movement of the waves, are least exposed to the destructive effects of storms. 
The evidence taken before the Boyal Commission in 1859 seemed to be conclusive on this point, and 
the opinions of the Oommissionen, as developed in their report, may be considered to have set this 
subject at rest But whatever diiierence of opinion there may still be upon tfiis matter, there can 
be no question as to the vast saving of material by vertical walls, and of the great economy which 
would result, provided a simple and easy mode of construction could be adopted. The vertical 
system has, besides, the great advantage of being applicable in many cases as quays for vessels 
lying alongside to load and discharge, which may be turned to valuable account both for com- 
meroifll purposes, and in times of war, for the rapid shipment or debarkation of troops, stores^ and 
other material. 

The experience, however, derived from the formation of the great breakwaters on the "jviem 
perdue " or long-slope principle, such as Plymouth, has been very valuable. The examination of 
the sections which the materials assume, shows that the great disturbing action of the sea, or con- 
version of the waves of oscillation into those of translation, does not extend to anv considerable 
depth ; as it is found that the long sloping beach terminates generally at from 12 ft. to 15 ft. below 
low water, after which the inclination becomes much steeper, the materials assuming nearly the 
form due merely to the natural angle of repose, as if unacted upon by any force except that of gravity. 
The inclination on the seaward side withm the tidal range, and to the depth of 12 ft. or 15 ft below 
low water, is generally 5 or 6 horizontal to 1 vertical, but below that depth it is only from 1 to 1| 
horizonlal to 1 vertical. It is the long slope which these breakwaters assume to a certain depth, 
that causes the enormous absorption of material ; but it appears that a mound of rubble may be 
deposited to within a certain distance of low water which will not have this long slope, and conse- 
ouently will only require a comparatively small quantity of materiaL The consideiation of these 
facts snows that in the generality of cases, the vertical and **pienre perdue" systems may be 
combined with advantage and economy, by first depositing a rubole mound to about 15 ft. below 
low water, and from that point carrying up the remainder of the breakwater by vertical walls. 

A great improvement in the facility of constructing these breakwaters, when such an immense 
quantity of material has to be depoeitea, was the introduction by Bendel of timber staging carried 
on piles in advance of the work, and sustaining lines of rails, by which the material can be brouffht 
down and be deposited in the sea with a rapimty before unattainable. The consumption of timber 
is, no doubt, very great, as much has to be left imbedded in the work, and there is oonsideimble 
destruction besides; but this is amply compensated by other advantages. By this system an 
average of about a million tons of stone a year ^ave been deposited at Holyhead, and a similar 
plan is pursued at Portland, Fig. 8893. 

Massive staging is also employed at the vertical breakwater at Dover, for facilitating the build- 
ing operations. Indeed, staging may now be oonsidered essential in the generality of cases for the 
economical construction of such works. 

The breakwaters of the French engineers are generally formed ** k pienre perdue," but npon a 
different method from that pursued in this oountiy. Thus, at the Plymouth Breakwater, Fig. 8887, 
onl V large blocks of rubble stone were deposited, the small being thrown aside, and at Hmvhead 
and Portland, the large and the small rubble were deposited promiscuously ; while the french 
engineers usually employ the small rubble for the core, and reserve the larger blocks for the outer 
coating. Furthermore, they protect the seaward side by blocks of b^ton, uirown in to take their 
own position, and of such a sise (generally from 20 tons to 80 tons) as effectually to resist displace- 
ment by the utmost force of the waves. Those blocks assume a slope as steep as 1 to 1 under 
the water line, so that the mass of material in a breakwater thus consfanoted, is considerably less 
than where sinaller materials are employed for the seaward face. The moles of La Joliette and 
Napoleon which enclose the harbour of MaiseiUes, are excellent examples of this mode of con- 
Btructton, Fiff. 8889. 

Having Uius glanced at the general principles which aflSect breakwaters, and described the 
modes of construction usually adopted, the conclusion to be arrived at appears to be, that the 
vertical svstem is that which best resists, or rather averts, the destructive action pf the sea, and 
requires the smallest amount of material. However, both systems, the long slope and the vertical, 
as at present carried out, are very expensive, the former from the ouantity of material which is 
required, the latter from the costliness of the material and the mode of construction. The* one 
system mav be characterized as involving the m ^^^^"*"™ in quantity, and the minimum in cost 
of material: the other, on the contrary, the miwimiiTn |n quantity and the maximum in cost of 
material. The object sought to be attained by the system about to be described is to effoot a 
minimum, as fiur as possible, both in the quantity and m the cost of the material. 

According to ciroumstances, breakwators on this system would be oonstmoied either wholly 
vertical, extoiding from the botitom, or partially vertical springing tnm a rubble mound. For tho 
sake of comparison, the mode proposed by Daniel Miller, Sigs. 8884 to 8886, Is designed to suit tho 
conditions usually prevailing ; say 'a range of tide of 15 ft., and a depth at low water of 6 fathoms, 
being abont the same as at the Plymouth Breakwater, and as at uartlepool, Filey Bay, and tho 
entrance of the Tyne, where the most important harbours of refrige have been recommended by 
the Boyal OommisnoDfin. Tha section, Fig. 8891, xepreients a breakwater with a parapet, bat 
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of oonsirnetioiL By the system proposed the harder ohalk from the diffo and shingle oonld be 
used for the hearting, as in a stmotore so firmly bound together these materials eonoreted. with 
bdton would serve the purpose quite as well as any other. In forming the rubble mound iha 
example of the French engineers might be followed with adyantage by forming the core of smaller 
and inferior materials, and for this the ohalk and shingle would be quite suitaole. This would be 
protected by a thick layer of rubble, and on the seaward side by a layer of concrete blocks, of such 
a size as would not be disturbed by the sea. The vertical superstructure would be constructed of 
ohalk or sandstone rubble, concreted bv b^ton fbz the heiffting. A breakwater upon this construo- 
tion, Fig. S892, Miller estimates could be built at Dover for 290/. per lineal yard. The present 
br^water for the same depth of 45 ft. at low water is contracted for at 1245/. per lineal ya^d, so 
that there would be the enormous saving of upwards of one million and a half sterling per mile. 
The difference in the cost of construction, vast as it is by this system, is not the whole saving, as 
the time occupied is an important element, affecting the final cost of such a work, the interest oa 
the outlay bemg lost until the harbour becomes avidlable. There can be no doubt of the solidity 
and durability of the Dover Breakwater, but considering its enormous cost, and the distance into 
the future before its completion will render it available for commercial or for war purposes, the 
wisdom of prosecuting it upon the present mode of construction may be well called in question. 
Upon the construction proposed the breakwater could be completed and be available as a harbour 
of refuge for the naval and commercial fieets of the country in less than five years, at a cost of 
little over 1,000,000/. 

Breakwaters and piers have been frequently made of timber firaming and casing, confining a 
mass of rubble. Extensive piers on this principle are in existence in Boulogne, Calais, Dunkirk, 
and other ports ; but it is evident that suoh a system, horn the timber being exposed and the con- 
sequent want of durability, and from their liability to sudden dertruotion when once the casing 
gives way, must prove very expensive in ^he end. This system lias been revived, tiiough up<m 
more scientific principles, by Abemethy and Michael Scott. In these plans a structure composed 
of a casing of timber is formed of timb^ frames, standards, or piles ana planking, and this casing 
is afterwards filled with rubble. But as the casing cannot be expected to possess much durability, 
it is proposed subsequently to enclose this structure by solid walls of masonry or composite blodb, 
for wnicn the first s&uctive will afford a convenient and substantial platform for bearing the rails 
and cranes necessary for executing this part of the work. There are two distinct operations neces- 
sary, therefore, to complete the work upon this mode in a permanent manner ; first, the formation 
of the inner structure with its timber casing ; and, seoono, the formation of the outer structure, 
for the purpose of making a casing of a durable chamcter. The economy of making breakwaters 
of a durable construction on these modes has not been fully made out, diiefly arising from the great 

Quantity of timber required and the necessity of employing two distinct casmgs, one of which must 
e superfluous. 

The system which Miller has proposed will, we think, secure all the objects whicfi appear to 
have been aimed at by these plans, but with greater simplicity and economy. 

It is not essential that the standards employed in the system proposed by Miller should be of 
iron, as they may be of timber, but enclosed, as has been already Oescribed in the case of iron 
standards, in a casine of blocks of stone or of TOton. 

See Babkaob Bbidob. Oakal. Oement. Coast Dxtsnobs. ComsTBUcnoH. Dammino. 
DoGK. Htdbauliob. Locks asd Look-oates. Weibs. 

HAULAGE. Fb., Bmilage; Gbb., IZrderung; Ital^ EHraxUyM s trcuporio del lUanirace; 
Span., Arrattre, 

Baulage of Coal, taken firom the Report of the Committee of N. E. I. M. Engineers, 1869. 

TaiUJRMe System, North HetUm CoUiery, County of Durham, — ^In order to give an idea of the extent 
to which the tail-rope system can be applied in leading coals underground along an engine-plane 
with numerous curves and branches, the following description is given of the arrangement of 
wagon-way, and the method of working the tail rope, at Nortii Hetton Colliery, which cSfords the 
best example of this system. 

Fig. 8895 shows that there are two main wagon-roads in this pit, lying at right angles to each 
other— No. 1 plane being driven east, and No. 2 north. The following are the particulars of the 
engine and wagon-way ; — 



EnroniB. 

Na of cylinders 2 

Diameter of cylinders 12 in. 

Length of stroke.. 24 „ 

No. of drums 4 

Diameter of drums 4 ft. 

Size of rope (circumference) .. 2iin. 
The boilerB are on the siufaoe. 



ENQIinB-FLAirB. 

Bails 22 lbs. the yd. 

Gauge of way 2 ft. 4 in. 

Main. Tall. 

Boilers.— Diameter .. .. Sin. 8} in. 

Weight 26 lbs. 82 lbs. 

Distance apart 21ft. 21ft. 

Sheaves at curves . . diam. 10| in. 

Tail sheaves 4 ft. 

When the ratio of the diameters of the pinion to the spur-wheel was as 1 to 2, the engine was 
found rather too weak for its work, and the ratio was therefore made as 1 to 8. The eneine soes 
at a speed varying from 160 to 250 strokes a minute, the usual speed being about 180 strokes a 
minute. This makes the power exerted to be about 100 horse-power, and thus presents an examplsL 
which IS rare, of a tail-rope engine working to the utmost of its power. 

One end of the shaft of each set of drums is placed on a movablA mm^a^a k« ^^^ r v. ». 
they ue put into gear with the driviBg pinion. ^edrS,.^l^ ^nntcKthe^^; »Jni^ 
elutoh MM The engine and dmmiiSe placed beneath theJ^'w^Twd the ^J^h^^W 
whieh duect th. cow of the «.pe. for No. 2 pl««, „ weU*«i «tJid othS I^^'whM^ 
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these planes, are also placed tinder the way. The ropes for the No. 2, plane come to the surfiBU3e of 
the wagon-way about the point P. 

No. 1 Plans. 

Wats. 

mNorthTandNorth! X-€at! 'st Sooth. 2nd Soa£^ 
yda. yds. yds. yds. yds. 

Distance from shaft 900 870 1350 1000 825 

Rise or fall from shaft fall. fall. fall. fall. fall. 

min. mill. min. min. min. 

Time from leaving the shaft to returning ..10 9 8 10^ 9} 

Heaviest gradient rising outbye 1 in 10| for each way. 

Tubs in set 21 for each way. 

Speed of set About 10 miles an hour. 

It may be observed that none of the branches are of very great length, and that aU the ways 
rise towuds the shaft 

No. 2 Pl,AOT. ^^^ 

IskWest 2nd West. Sid West 

yds. yds. yds. 

Distance from shaft 580 1130 1200 

Rise or fall from shaft rise. rise. rise. 

mfaa. min. min. 

Time from leaving the shaft to returning .... 6 15 17 

Heaviest gradient rising outbye 1 in 15 1 in 15 1 in 15 

Tubs in set 35 35 35 

Speedofset About 10 miles an hour 

No. 1 plane consists of a main road, with two branches on each side ; at the end of the main 
road is another way, which, after going in a cross-cut direction for a short distance, turns to the 
north. These five branches are all worked bv two of tiie drums, the other two drums working 
No. 2 plane and its branches. On the plan (which is drawn to no scale, and is therefore in many 
places out of proportion, owing to the difficulty in showing clearly the arrangement of rails) the 
ropes are shown by dotted lines. In the second west way and tne cross-cut way there are two 
stations ; a description of the arrangement of which is given hereafter. The four curves leading 
fiom the main way to the branches each have a radius of about 22 yds. ; the radius of the curve in 
the first south way is 4 chains, and of that in the cross-cut way about 5 chains. 

No. 2 plane has one main road and three branches, two to Uie west and the other in a cross-cut 
direction. The curves to the branches are about 3 chains radius, and the curve upon the main road 
about 4 chains. 

At the far end of each of the branches there is a siding, one way for the full and the other for 
the empty tubs. 

At the inbye end of the first west way there are three putting stations, from which the tubs are 
led in short sets by ponies to the siding at the end of the engine-plane. 

The fiill way of the shaft siding is raised several feet to form a kep, or incline ; and when 
the set of full tubs has been drawn on to the top of the kep, the tubs are let down to the shaft as 
they are required. 

Arrangement of Hopes, — ^In the working of this and all other tail-rope planes, two ropes are neces- 
sary, which are called main and tail ropes, the former being used for drawing the set of full tubs 
outbye. and the latter for taking the empty set inbye. When the main rope is bringing the full 
set outbye, the tail-rope drum runs loosely upon the shaft, and by applying the brake the tail rope 
is made to run steadily off the drum ; when the taU rope is taking the empty set inb^e, the main- 
rope drum is put out of gear, and the main rope is drawn inbye behind the set. It will be seen on 
the plan of mis engine-plane that the ropes for No. 1 plane have a direct lead from the drums, 
whilst those for the No. 2 plane are taken round pulleys at a right angle not far from the engine. 

On No. 1 plane the ropes connected to the engine are those of the cross-cut way, and the set is 
supposed to have just amved at the shaft ; thus Uie main rope is nearly all wound upon the drum. 
At the points A and B, Fig. 3895, there, a re shackle-joints on both the main and tall ropes. The 
shackle used is of this description, Fig. 3896, and is secured by the pin A 

S896. 
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When the rope ends to which the set is attached are at the shaft, these joints are always at the 
points A and B, no matter from which way the last set came. 

Most of the sheaves used in taking the ropes round the curves are fixed horizontally in walling 
built for the parpoee, exhibited in Fig. 3897. 

At C and G both the ropes are taken round the curves by small sheaves, as shown in sketoh ; but 
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~ then opens the ewitcbes for the Booand sooth 

die Mt of empt; tub« a taken into the branoh, 

ftie altered again. Bbonld the flret north way 

twIloheB are put light, and the impt]' Bct goes 

. be next readj, it will be aren that, to put the 

be connected, two at the station A, and two at B. 

' ropes connected to the engine are tboaa of tho 

to be at the shaft. All the branches on the 

Cram the main raad on No. 2 plane Me 

SC^ft^£r«E^tfU^od in the nme waf as on No. 1 plane, and here 

'" i!S.«fi§si&§t^ the thiid wool wa; has to be worked, if the 

iSSASS A^iuVd before it. 

wien^&bffi*«33«tpl«Uon of the tail rops whiob U worthy of notioo. 

•^4^^&uf£«hiue the ontoomingfUl tnbe to poll the tail rope 

UBli^C ^SkteUtt rope is knocked ur at tho point R, and the set is 

>lS<ti%tifw4n let down the incline by the single tail rope to R, 

■ "* ** "* 'l^iuU the set on to the kep, is attached. The drum 

I; brake whilst the engine is working another way. 

[^ongh to allow thia method to be adopted. 

Uie side of the nuin way, to which sets are 

,_jee stations Is in the otoss-cnt way and tho 

rSs iotended for the station in the latter way, 

knocked off; the full set stands at HH, 



-A^a^Sfe time after tne statiDn jurt doBoribed. ia mooh 
k tA. "i^i^jIq ((, ^p gcntif inbyc, ajid when the empty 
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^ ino-plsoe ore Iftid on batteoa. There are two 

sgr|f^l|9| 7 ch&itu ndioB. The gnuUent ii » genenl 



lin mj between ; the tnbi u« taken into the 

24 fl mfmit; the tail she«yei are «J1 wt 

■et, genemll^ oonniting of 65 tubs, Ii drawn 

'""■ ^-'— '^- ■' rope, the tail rope 

bankbesd, theae 



an oTdinaTj hook, but at the other end. the 
Ong ontbye, to preTent the let rnnning amain 
lieow A^ tig. 8904, U Monied to the bar at B 




9 * > K^A^tbii^ei^XMfOhaemiitmt oidj, and the mode in wbich thej 

" "* ' '^^,J^^C& traction. In owta., required to oreroome thq 
* **'*7A^3ic»dii)£a being taken at tba pattloalar point* 
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DnncNBiONB of Ekgime, 

a In. I 

Diameter of cylinder 2 

LeDgth of stroke 6 

Duimeter of piston-rod (passes thronghl q 

cylinder) .. :: :; / 

Length of oonnectiog rod 11 

in. 

Dimensions of steam-ports 2^x12 

exhaust „ 3lxl2 

Steam. Lxlua.Ht. 
ft. ft. 

.. .. 93 100 
tn. in. 
.. .. 7J 7 



in. 



n 



Length of main pipe . 
Diameter of main pipe 



Diameter of driying pinion . . 
followers .. 
fly-wheel (1) .. 



I) 



i» 
II 



ft. 

6 
. 6 
. 15 

Main, 
ft. in. 

6 2 



in. 






l^il. 

ft. in. 



11 



6 
11 








8 




6 
5 



3 





6 
5 



Diameter of drams 

„ J, including \ 

flanges / 

Width between flanges 

Width of brake 

Cylinders, boilers, and pipes not covered. 

Boilers,, Number 4, 3 in use 

Description .. Ordinary egg-ended 
Areaot heating Bur-j^^ ^^ ^ ^^ 



BOILEBS, AND RoFES. 

Boikri , 



fL in. ft. in. 

Length over all 2 at 80 2 at 25 



Diameter 



5 6 2 ,« 6 



""rrLr^"!:^"!" }^»78 -»>•«■ 



"^nTll^^gth 



Chains f 



Circumference 
Weight 



Main. 

yds. 

2232 

in. 
3* 



Tail. 

yds. 

4491 

in. 
8 



cwts. qrs. lbs. cwf 8. qrs. lb«. 
233 23 836 2 



face 
Area of flre-grate 



22-5 



n 



montba. montha. 

General duration 24 24 

Sheaves.. Number .. 146 37 50 142 31 60 

2h^ve } ^^ ^® ^® ^^ ^^ *^ 

Diameter ..669 

ft. 
Distance apart . . 24 



in. 



iochcfl. 
6 6 9 

a 

24 

in. 

Extra sheaves at^29 at 10 24 at 6 
curves, &o. . . / 17 „ 10 

iba. 
Botum sheave, weight . . . . 952 

n. in. 
diameter ..7 



II 



n 



Description of Phtne. — The plane is laid with broad-topped rails, in 15-fl;. lengths, weighing 
20 lb& a yard. The way is laia on chairs 3 ft. apart, and the gauge of the way is 2 it. 4 in. There 
are three slight curves on the plane, all turning lu the same direction ; the radius of No. 1 curve is 
10 chains; No. 2. 10 chains; and No. 3, 12 chains. Nos. 1 and 2 curves are close together The 
ropes are carried round the curves by bell-sheaves 10 in. in diameter. The usual distance of 
the rollers apart is 24 ft., but this is not always observed ; there are three descriptions of rollers 
used, the 6-in. rollers being most common both for the main and tail rope. 

The ropes run off and on to the drums on the upper side, and are carried near the roof to the 
station. The tail wheel inbye is also placed near the roof, and the ropes are raised to it by sheaves. 

This plane is worked in very much the same way as the majority of fail-rope planes in this 
district, but instead of having the usual kep for the fall tubs to run down upon to &e shaft, the way 
is laid level, and the coals are led from the station to the shaft by horses. On the end of TOth main 
and tail ropes there are flxed about 15 vds. of chain, with two or three large links inserted at 
various distonces apart, and one of these links is attached by an iron pin to the loop of the centre 
bar of each end tub of the set, aooordinff to the position of the set at the station. In taking the 
empty set of tubs inbye, the tail rope is first connected to the set, and then the main rope, and the 
set is drawn inbye by the tail-rope drum, the main-rope drum being out of gear, with just a slight 
weight hung upon the brake-lever, to prevent the drum from over-running the rope. When the 
set reaches the inbye station it is allowed to stop before knocking off the ropes, llie full set is 
brought out in a similar way by the main-rope drum, the tail drum running loose on the shaft, with 
a light weight on the brake-lever. 

HarraUm Colliery, near Durham.-^lji the application of the tail-rope system at this colliery two 
branches are worked, and the average gradient is in favour of the full tubs. 

The engine-plane is 1795 yds. long to the north-way terminus, and 1729 yds. to the west-way 
terminus. The average gradient from the north-way flat to the shaft is a dip outbye of 1 in 88. 

At present about 650 tons a day are led along tMs plane, nearly equal quantltiea being led from 
each of the branches. 

The hauling engine is vertical, and has two 20-in. cylinders. The drums are 5 ft. 2 in. diameter, 
and the ratio of the pinion to the spur-wheels is as 8 to 4, thus causing the drums to make one-third 
more revolutions than the engine. 

The three boilers by whicn steam is snpplied are on the surface, and connected with the other 
boilers employed on the surface. Jucke's furnaces are used for firing. The engine works both day 
and night, but at present is doin^^ very little work at night. The engine-plane has been at work: 
only five years, and the engine, rails, tubs, and so on, are in very good condition. 

The lead from the engine to the terminus of the plane near the shaft is not direct^ the ropes 
being taken by large sheaves round a right angle 27 yds. from the engine. 



DmsNBioKS OF Emginb. 



Number of cylinders 



2 

ft. in. 

Diameter of cylinders 2 2 

Length of stroke 8 

Diameter of piston-Tod 8} 



ft. In. 

Length of connecting rod 6 

In. in. 

Dimensions of steam-ports 17 X If 



II 



II 



exhaust 



17 X 2, 



r' 







DiuDeter of drlTiDg ptDum ■• .. 4 

„ fcjlowen 8 

, fl7-vheel 8 



;fl. with hMTj-topped chair nila, weigbioK 22 ibo. a 
; p6 ydc ndiiu ; No. 1 ourre being 66 jds. long, and 
lie oniTW bj thetim, 4 fl. In diameter, witb several 
1^ an almcat regular oorte for the rope. The tail 
- and a wheel 01 S ft. diameter at No. 2 onrve. 

placed diagonally. Tlie main rollers are 8 in. 

", The large pulleys used on this pkne have 

igher than the olher. Though the set pnsnrw 
acoident has ever occaned. 
■There «ie 63 tubs in a set. In going inbye Ibe 
', and li taken to the junction A. As the set ia 

lea, the artangement of ropes ia altered at this 

jEj'then on the let Suppose the set has been last in 

this JDUotJon, the taU rope at tha inbye 

. rope ; the shackle oonnecting the mnia 

by a wooden clamp, fiicd at tbe junction, wbilo 

to it This sbackte-joint is stoppea always at the 

ight to this point whilst the set is coming inbye^ 

,- i^iieotion is made by the man attending tbe JuDctJon, 
i&^ug made by the ran-iider, the time taken up by tha 
'-'-■'"-1 minutes. 

poaition of Uw rc^es jost when (he tail rope 







JlWifliiDk L U pn&bed offby the foot ~ 




e?*<^W S^*S- 'SS'-&' -E- :=: 

^D^Wl^^;'^^V^^ Wf*?S'^V^°e TekKdtr. The dotted line* esphin the 

'iffiS^ -B" •»• ■»• •»• •»■ ■»* , „ 
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After the delivery of 
the coals or minerals, the 
apparatus returns into 
its horizontal position, 
such return being regu- 
lated in its speed by the 
brake. 

Figs. 3914. 8915, re- 
present on a larger scale 
the brake H above men- 
tioned. From the side 
elevation and section. 
Figs. 8914, 8915, it wiU 
be seen that the appa- 
ratus consists of a cylin- 
der H with piston E, 
similar to that of a steam- 
engine, and it is preferred 
to make the piston-rod of 
larger diameter than is 
usiud for a steam-engine, 
partly for security. A 
constant oonmiunication 
exists between the boiler 
and the upper side of 
the piston, and also 
between the boiler and 
the viJve-chest. In this 
yalve-chest one passage 
leads to the lower side 
of the piston, and the 
other to the exhaust. 

The vfdve is shown 
in Figs. 3915 to 3917, 
and is arranged to cover 
both ports. Figs. 3916, 
3917, show side and end 
elevations of the valve, 
which has a passage (1) 
completely through it 
corresponding to steam- 
port at the lower end of 
the cylinder, and a recess 
(2) which is arranged to 
cover the exhaust and 
steam ports when neces- 
sary ; while the opening 
(1) in the valve corre- 
sponds to the port lead- 
ing to the lower side of 
cylinder, an equal pres- 
sure is mainteinea on 
both sides of the piston, 
except what is due to the 
diameter of piston-rod, 
whidi difference always 
keeps the brake-band 

slaoK when out of action. When the yalve is turned so that the recess (2) in the valve covers 
both the steam and exhaust ports, an escape of steam will take place, which, by reducing the 
pressure on the lower side of the piston, wnilst the pressure at the upper surface of the piston 
remains in full force, causes the brake to come into action with a force depending on the rapidity 
of the GfK&pe of steam allowed. The brake will be put out of action by turning the valve, so as 
to allow a nee flow of steam again into the lower ena of the cylinder. By maMng the partition 
in the valve somewhat narrower than the opening of the port, steam can be partially admitted 
while some escapes, thus giving a greater range of pressures, and maintaining as long as required 
the necessary force. 

Murton Colliery^ County of Durham. — ^There are no branches worked by the tail 'rope at this 
colliery ; but there is a station (Hallfield station) by the side of the main way, from which part of 
the coaliB are led. 

The length of plane the coals are led over from the south-east or far-off landing is 2770 yds., 
and 1978 yds. from the Hallfield station, the distance from the engine to the tail wheel Ming 
2816 yds. 

The hauling engine is a double 18-in. cylinder horizontal engine, with 2-fi stroke. The main 
and tail drums are 5 ft. in diameter, and on the second motion the revolutions of the pinion-wheel 
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561 to 1 to the epnr-Dheel driving 




Number required to work engine- 



baa a radiiu of 151 jrda., and No. 2 a radim of 
__ J3 rJK outbre, and tbe heaTiest gradient U 1 In 
.^Ipa toirardi tbe than. The rellera and sheavei 
pg*6 in. in dinmeter. The main rope ii taken round 
-^liid the tail rope by ordinary 2-ft. Bheavei. 
Htohea leading on to a doable line of rails, for full 







iCSll HI M M^engine-pl&ae is direot Ths main rope fi 2( ii 

'n''^B IB t»plt6<l singlo-acttoii force-pump, voiked b; tb 
J!*W:aH k' ■hoirn in Fig. 39Z0. 




Any to drive them done avky iritb, tlie tail rope, 

i^Lbe woihed for nice monttu. 

iB^Hfre are forty-eigbt tubs in n set of full or empty 

iM nB !■ attached to Ibe set by faatcning the abackle, 

hain of the end tub. nith a pin, wbicb is scoured 

attached by plaeius the end link of the ol^n in 

ttura on the end of the tub, Fig. 3922. 



fi 




. .-^. FiuUiung at the Tail-rope «iiJ. 

Lto^So the set, the station boy raps to the bntkesman, 

t the Hallfleld landing, till a rap is giTcn from 

to go ; if for tbe HallDfld way, the switches are 

When the ropes are discannected. the set runs 

the ropes to be attached to the full set. When 

L on the set reaching the flat, as tbe brekesmaa 

when to stop the engine. The full set is gene- 

i5 point to which tbe empty set runs. Sboald the 

Ail nnt \)B convsniently situated for the ropee, a 

i) is pnl on, and it is thus Terj seldom 

i^i ^Ifi> biiDkheiid, the station boy raps to the engineman 
^:6iK^he full set is stopped opposite the empty set, part 
^ (Sibbye. When the set slops, the pin fastening the 

-».,.„..-- A4i58«^ to be drawn out by a lever kept for tho purpose. 

a?s^&iaS^^^ca^a^&ti%>the alip-liok fastening, by which the rope can be 
"jyV^^sSfcini •££■■«• -1^- 
&ASI^k?&^'£SiJi&iiM>~JPiMt half-way to the shaft by a tail rope ; the tail 

^SId£S^»S&tM^'MyttS&a»lt, dragging the main rope after it. The main 

ISs&^tR^^^^^^ii^^EflEi^-whoel Kir di;iving tbe Bmall drums required for 
t)iHBl]£EE^- '"^ i^vi be put in and out of gear wbUsI the 
u%l^ibing the speed of the engine for a short time. 



■S3^)£&d to work the main road, and the two branches 

'""" 248 yds. from the station, rising 1 in 17, and the 

' - bank. Tlte djnamootetei was attached to the 





W one Bide, and blocks on tbe other; the blooka 
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Dcicriptton of Work. 


StotmLbt. 


Speed of 
Piston. 






on 
Boiler. 




IndlcKtor. 


Actnal 


ScrlM. 


Strokes 

a 
mln. 


Feet 

s 
mln. 


Hone- 

POWH* 




StMm. 


BMk. 


Effecttye. 




A 

B 
C 

D 


Engine going full work, both windine) 
and ginnev chains going in shaft, and > 
Nofl. 1 and 2 ginneys undergroiind . . | 

No. 1 ginney going alone 

No. 2 ginney going alone 

Nos. 1 and 2 ginneys not working, andj 
both chains going in shaft ; winding 
fuUtuba 


221 

1 

33i 
34 

32 
32 
32} 


241 

22*6 
2311 

22*8 
8-8 
85 


78 

5 6 
605 

60 
1-6 
1 6 


16-3 

17 
1706 

16-8 
2-2 
19 


60 

60 
60 

60 
60 
60 


240 

240 
240 

240 
240 
240 


29n 

80 86 
80-47 

80 00 


E 
F 


Nofl. 1 and 2 ginneys not working, and 
both chains going in shaft ; winding 
empty tubs 

Winding ohain going alone in shaft, 

1 windine empty tubs; all ginney 

chains being out of gear ' 


8*83 
8-89 



Power required to work the eqgine, together with 
the winding chain working empty tubis in the shaft, 
all the endless chain being out of gear, and the chain 
in the shaft being disconnected from driving wheel 
by blocks, as shown in Fig. 8824 (F); at 60 strokes a 
minute, 8-89 horse-power. 

Power required to work the engine, together with 
the winding chain, and the hauling endless chain in 
the shaft, and underspround to the pulley, all other 
underground chains being out of gear, see E tabu- 
lated form; at 60 strokes a minute, 8*93 horse- 
power. 

.*. Power required to convey the endless chain down 
a shaft 75 ft. deep, and underground for a distance of 
27 yds. ;— 

Both Winding chains Uorse- 

dulns. alone. power. 

At 60 strokes a^ 

minute .. ./ 



3924. 



3-93 - 8-39 = 0-54 





Moving weight, — Pulleys, 2 at 4 cwt. 



Calculation of Fbichon or Chain in Bhait. 

cwt. 

8 

2 at 1 cwt 2 

for tightening chain at bottom 1 

Suspended weight (W on section) 8 

— 19 
C%otfi. — The two sides of the chain in the shaft counterbalance each other, so 
that only the horizontal ohain is to be considered ; 27 yds. x 2 = 54 
Xl6lbs.ayard 



»» 
If 



7 7 
26-7 



Speed of chain in shaft, 156 ft. a minute. Then 



U 



X 33000 



= 1 b2 owl 



112 X 156 ft. a minute 

1*02 1 
Then total friction = r^- = qF ^^ ^^^ weight of horizontal chain, puUeys, &o. 

Power required to work engine and wind coals, and to drive all the ondless^hain roads 
underground, the average gradient of which is a fall outbye of 1 in 20 (A); at 60 strokes a 
minute, 29-11 horse-power. 

Power required to work engine, wind coals, and to drive No. 1 ginney road only (B) : at 60 
strokes a minute, 80*30 horse-power. 

Power required to work engine, wind ooals, and to drive No. 2 ginney road only (C) ; at 60 
strokes a minute, 80-47 horse-power. 

It would appear from the three experiments above, that it requires less power to work both 
ginney loads together, than when going separately. The power required for winding ooals by this 
system is shown by tiiis experiment to oe 

Kiiglne, &G. 
80-00 - 3-39 = 26*61 horse-power, to wind 417 tons 75 fas., a day of 8| hours. 
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Power required to work engine and wind coals — ^the hauling chain in the ihafl being also in 
motion, but ail ilie underground ginney roads being out of gear (D) ; at 60 strokea a minute, 
dO>00 hoine-power. 

From this it will be seen that the working of the underground ginney roads assists the winding 
of ibe coals to the extent of 30*00 - 29*11 = '89 horse-power. 

Endle88-rope System. — ^The method of conveying coals by this system of applying the endless 
rope has hitherto been very rarely adopted. It is chiefly in operation in the Midland Counties. 
The following planes have been reported on, but experiments haTe been made at the first 
only ; — 

I. — Shireoaks Colliery, Kottingbamitfaire — ^Underground plane in a straight Une, and rising 
towards the shaft. 

II. — California Pit, Wigan— Three underground planes, branching from the pit, and worked by 
one engine ; a short curve on one of the planes. 

Varieties of the No. 1 endless-rope system are in operation at the following collieries; — 

III. — Newsham Colliery, Northumberland — Straight undulating plane, with no branches. 

IV. — Eston Mines, Yorkshire — ^A short rope working three branches &om a main line. 

y. Cinderhill Colliery, Nottinghamshire — Level plane, with no branche»; endless xope 
worked at slow speed. 

This system is a modification of the tail-rope system. The following are a few of its chief 
characteristics ; — 

1. The rope, as the name implies, is endless. 

2. To give motion to the rope a single wheel is used, and friction for driving the rope is 
supplied either by clip-pulleys, as at Shireoaks, Newsham, and Eston, or by taking the rope over 
several wheels, as at the Cinderhill and California Pits. 

3. As only one driving wheel is used, the rope has to be kept constantly tight ; this is efTeoted 
by passing it round a pulley fixed upon a. tram, t(f which a hanging weight is attached. 

4. Either one or two lines of rails are used ; when a single line is adopted, as at Newsham, the 
rope works backwards and forwards, only one part of it being on the wagon-way, and the other 
running by the side of the way; when two lines are used, as at Shireoaks, Cinderhill, and the 
California Pit, the rope moves always in one direction, and the full tubs come out on one line,iho 
empties going in on the other. 

5. The set of tubs is connected to the rope either by means of a clamp, or by sockets in 
the rope, to which the set is attached by a short chain. The former method is in use at 
Shireoaks, Cinderhill, and the California rit, whilst the latter is adopted at Newsham and Eston 
Mines. 

6. The working of curves and branches has hitherto been scarcely attempted by this system. 
At California Pit there is a slight curve on one of the ways, which works well. 

The various methods of applying this system are described in the following Reports of the 
planes visited. 

Shireoaks Coliiery, Nottinghamshire. — Ilie No. 1 endless-rope system has been in operation at 
Shireoaks Colliery for about four years. ' The engine by which the rope is worked is a double 
horizontal engine, with two 12^-in. cylinders. The boiler is single tubular, with Galloway's cross 
tubes, and is placisd underground at a very short distance from the engine. 



Engine erected 1856. 
Number of cylinders 



Dimensions of Engine, Boiler, and Ropes. 



n. Id. 

Diameter of cylinders .. .. 12^ 

Length of stroke 2 

Diameter of piston-rod 1^ 

Length of connecting rod . . . . 5 10 

StGMn. Exbaiul . 



n 



ft 

Length of breech-plpe 

main pipe 62 

in. 
.. .. 

■ • • • % 



Diameter of breech-pipe 
main pipe 



»i 



■} 



n 
n 



ft. 
2 

4 



ft. 

64 

In. 

4J 

in. 



8 




Diameter of driving pinion (fric- 
tion gear) .. 

followers .. 

fly-wheel None 

„ clip-wheel 4 

Distance between eentret o(\ n e 

cylinders j ^ o 

Boiler ..Number 1 

Description— Single tubular, with 

Galloway's tubes. 
Area of heating surface, 494 sq. ft. 



»» 



flre-grato 



ft. 
19 



Boiler,, Length over all 
Diameter.. 



ft. in. 
.... 25 
.... 6 

ft. ft. ft. 
Hot-water tank (through\ q ^ a ^ a 



which exhaust passes)/ 



B<^ 



yda 



Length 1590 

in. 
Circumference .. 2^ 

owt8.qi«. lbs. 
VFeight 25 2 21 

months. 
General duration . . 



(uH)^} ^*^^' (53 on each way) 
Weight a sheave .. 



18 

106 



lbs. 
14 
In. In. 
Diameter 5 x 16 

ft 
Distance apart 



Bails .. Weight a yard 

Length of each 
Na of lines 



Gauge of way.. 
General oonditbn 



•• 



45 
lbs. 
18 

a 

12 

' 4 

a 

2 
Good 



.ReJitPS- 




day or 11 bonn 



la laid with t, double way ; the emp^ aeta going 
ptbei. It WM ori^nallj intended to hare aeta 
e limited qiunti^ of ooala now leiug dnwn 
the eodlMB rope ta 750 yda. long, with an 
I^ieat gntdieat being 1 In 29. The aatue engine 
■^ long, tbe average riae of which, towards the 

•" tin dikmetoT, ia lued, to give motiOD to the end- 
^-^~ - lb. and ia oonnected by mltre-geering to the 

B fSwSiS i^B'-Srion friction-wheel it 2 fi 6 in. in diameter, and 

PwWalDilgiiRBifighe dip-pnlte; and tbe other foi the aingle-rope 

' ""J ftVjS^it ^ M fdingly wall, and is very oooTenient fur pnttiog 

f iMb igMMnig j diaeonneet the wbeela; this ia effected by the 

t-S«lgt?yS4p fnan I 



8 neoevary to keep it *aiy tight, aa other- 
nia'T.saccsicutod by baring the wheel inbve placed on a 

i..—- 3? giiSSiWu, peasing down a email ataple, as ahown in 

^^&r^kSft.i|&{^3(Sb^^5iupended. The weight deeoenda as the rope 




jftmc by Iht Xo. 1 Endltta-rope Syilmi. — The n>pe 
* and to tbe tail wheel at tbe Inb^e end, goes 
~ thos paaa oTet the rope Id ooming from the 

>$^ether at the banhhe*d. and the run-rider, who 

\/^ liooka the obain afBied to tbe clamp on to the 

itjig^K} the:] fliea the elamp upon the rope, which is 

l^^si-ia cleeed by a hanille-leTer. peMing OTOt the 

'-tg^ kept firmly fixed without the pteraure of the 

^ ^tiope, that in acueof tbe Bet being atopped ti; 

__ i^aj^rather than alip throngh the clamp. 

, , — , , J'"SV'%^^^'|frl'S*'^§(^S3!^''"'^^" atrikee the aowding bar, and the rmw 

^*'-^t^ **3 %^ 'EQ'*ni^a03'if'^^^^^^' "^ ^^^ oUmp to keep it perpendlonlar, and uid 
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tubs being polled forward by the chain cm the damp. The set at the start ia about 45 yda. from 
the engine, and is on a gradient of 1 in 520 fall ; the next or middle gradient is 1 in 47. As the 
set is found to overrun the clamps in going inbye at this latter grament, six spraggs are placed 
in the wheels of the tubs at the end of the set, to prevent the tubs getting together and becoming 
uncoupled. At a distance of 3G4 yds. from the engine, and about the middle of the 1 in 47 
gradient, the clamp is taken off the rope whilst in motion, and the set runs forward by itself. 
When the clamp is disconnected, the run-rider raps to the engine— though the running away of 
the rope when disconnected is sufficient to let the orakesman know— and the rope is stopped, the 
engine then being free to work the single-rope way. 



39». 




There are two stations from which coal is being drawn at present ; the first being 640, and the 
second about 795 yds. from the engine. When the gang or set has to go to No. 15, or the first 
station, the*points are placed for this, and the set, then disconnected from the rope, runs round the 
curve into the station ; the rope at this curve passes under the rolley-way, so that with this 
arrangement the clamps could not pass this point. When the set is intended for the far-off station, 
or No. 13, it runs by itself from the knock-on point, the spraggs being taken out, when necessary, 
by a boy, who rides with the set for the purpose. 

In coming ontbye, the clamp is also placed at the front end of the full set, which is pulled out 
to within 140 yds. of the engine, when tne clamp is removed, and the tubs run forward to a point 
from which they are taken to the shaft by horses. The expressions outbye and m6ye, which occur 
freauently in this Report, are terms used in the North of England ; the former to denote the end 
of tne engine-plane nearest to the shaft, and the latter the end nearest to the workings of the 
mine. 

When bringing the full tubs out, the strain of the full set upon the damp chain raises the rope 
a little and prevents the clamp from striking the rollers ; but in going inbye, where there is much 
less strain, tne clamp, in passmg over the rollers, touches them slightly. 

The engine cannot pull coals from the endless-rope way and the single-rope way together, 
and if this were possible, it would be hardly worth while, since it never goes for more tiian 3) 
minutes at a time in working the endless rope. 
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Work done. 


No. 


Time. 
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Dynamo- 
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ISsli tubs coming aui. 
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• • 


. • 
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These experiments were made with a set of thirty-one tubs, the dynamometer being placed 
between the first and second tubs. 

A piece of iron, A, placed between the two tubs, Fig. 3923, kept them at a regular distance 
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There ia a short onire of 4 chains radios on the North Level way, ronnd vhlah the rope and 
olamp pass easily, Uiough not at a higher speed than seven miles an hour. 

Newaham Colliery^ Northumberland. — At this colliery the No. 1 endleSB-lope system is worked, as 
at Sbireoaks, by the clip-pulley. 

The chief peculiarities in the working of this ensine-plane are as follow : — 

1. Only one way is used, the empty and full tubs running on the same road, and half of the 
rope being carried on sheaves by the side of the way. 

2. Instead of the clamp, used at Shireoaks, the set of tubs is connected to the rope by two 
short chains, one end of the chain being secured to the tub at each end of the set, ana the other 
attached to a socket in the rope. 

3. The plane is undulating, and thus presents one of the most awkward difficulties to contend 
with in the working of this system. 

The endless rope is worked by a dip-pulley, driven by one of Fowler's engines. It is placed 
underground, and is worked generally at a speed of eighty-five strokes a minute, with a pressure 
of 80 lbs. of steam. 

Dimensions of Engine, Boiler, and Ropes. 

Engine erected 1867. 

Number of cylindeni 

Diameter of cylinders 



2 

in. 
.'. .. .. 12 

ft. in. 

Clip-pulley, diameter 7 6 



Boiler 



Number 
Size 



ft. 
15 



Ck)al consumed a day \ 
(epUnt) / 



Rope 



Length .. 
Circumference 



1 

In. ft. 
5x3 
cwt. 

9 

yds. 

1672 

in. 

yeuB. 



in. 
6 



General duration (e8ti-\ ni 
mated) J ^* 

Dimensions of Tubs. 



ShecmeM 



TaiL 
in. 
8 

Uw. 
31 

J*. 
16 



^ 



Main, 
in. 

Diameter 4| 

Um. 

Weight 28 

yds. 
Distance apart .. .. 16 

ft. 
Sheaves at curves (dia-^ 
meter) .. .. ../ 

Iba. 
.(weight) 224 

Iba. 
.. .. 28 

ft. in. 
Gauge of way 2 8 

Average weight (empty) .. 672 
contained) ..^. } - ^^^ 



»> 



Raiis . . Weight a yard 



Tvibs 



Length inside 8 

Breadth 2 

Depth 2 

Height above rails 8 

Distance opupled 1 



Wood, 
ft. in. 

9 

9 



6 

9 



Iron, 
ft. in. 



8 
S 
2 
8 
1 



10 
1 

2i 
6 
10 



Wood, 
ft. in. 

1 4 

83 



Diameter of wheels 

Total number in pit 
Number required to work^ 
endless-rope plane . . / 

Work done, 400 tons a day of 12 hours. 



Iron. 

ft. in. 

1 4 

100 



96 



Dfscnption of Engine-plane. — The engine-plane is laid with flat-bottomed rails, "weighing 28 lb«i. 
a yard. There are two very slight curves on the plane, round which the main rope worlu easily 
in the centre of the way. The rope by the side of the wav is taken round these curves by 3-ft. 
sheaves. The length of the plane is 836 yds. The road first rises from the shaft at a gradient 
of 1 in 40 for a distance of 318 yds., and then falls for a distance of 379 vds., at an average 
gradient of 1 in 47, the average gradient of the plane being a fall towards the shaft of 1 in 805. 

The rope used is steel. By means of a bearing-down pnUey, the rope is made to move in nearly 
the whole circumference of the clip-pulley. The rope has been in use for eighteen months, and in 
expected to last another year. It is kept tight, as at Shireoaks, by having a hanging weight attached 
to the sheave at the inbye end of the engine-plane. The weight used here is about 25 cwt. 

Deaoription of the Method of Working the Lngme-pUme. — The full and empty tubs are run in sets 
of thirty-two tubs. The sets are attached to the rope by chains, 7 ft. long, as shown in Fig. 3930. 

3S30. 




o 



W 




^^1^ are two sockets in the rope, placed at a distance apart convenient for the attachment of a 
set of thirty-two tubs, to which these chains are connected. The chains are put on at both ends of 
^^^^ ^^0 undulations of the plane rendering this necessary. The connection with the set is 
made simply by hooking on, and with the rope by a screw-shackle. 

At each end of the plane the rope passes under the way, and in going in and out. when the set 
comes to this point it is disconnected from the ropes, and the gradient of the way is so arranged 
that it runs by itself into the siding. 
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In going from the shaft, the set of tabs having fallen to the point at which the zope paasee ftom 
under the way, the chain is attached to the fore end of the set ; the engine then moves the set 
forward over a distance eooal to tiie fnll length of the set, and Uie back chain la hnng on. The 
moving of ^he set fbrwara causes the coupling chains between the tubs to become tight, and the 
danger of the set overrunning the chain at the fore end of the set, when the gradient MUng from 
the shaft is reached, is thus avoided. 

There are no swivels on the chains connecting the set to the rope, the tightness of the rope 
tendering them unnecessary. 

The sets are taken in and outbye, at an average speed of ten miles an hour. In disconnecting 
the set from the rope at the inbye end, the chain at each end of the set is taken off the tubs, but is 
not disconnected from the socket on the rope ; this is done before the set reaches the siding, whilst 
it ia moving slowly ; when detached, it runs forward into the siding. At the shaft the leading 
chain is disconnected from the rope £M, and then from the tub ; this is done to allow the shackle 
to pass over the clip-wheel, which is placed rather close to the terminus of the engine-plane. The 
chain at the other end of the set is taken off the tubs only. 

Endiess-rope System. — This system of conveying coals is only in operation in the Wigan district, 
where it has only been in use for a few years. Of tiie four systems reported on it is probably the 
least known. Reports are given on the following planes. Experiments were made and costs 
extracted at the Bridge and Meadow Pits only ; — 

I.— Bridge Pit— Several planes at work, with an average gradient rising towards the shaft. 
One self-acting curve working. 

II. — Meadow Pit — Single plane rising towards the shaft. 

III. — No. 5 Moor Pit^-Single plane, rising at a heavy gradient towards the shaft. 

lY. — ^Mesnes Colliery— Undulating plane, worked by an engine on the surface. 

y. — Scot Lane Pit---Single short plane, with peculiar method of connecting the tube to the 
rope. 

The principle on which No. 2 endless-rope system is worked is very similar to that of the 
endless-cnain system. 

The following are the chief peculiarities in the application of this system ; — 

1. A double Tine of rails is used. 

2. The rope rests upon the tubs, which are attached to the rope either singly or in sets of tubs 
varying in number from two to twelve. 

8. The connection between the tubs and the rope is effected by a short chain, which is secured 
to the rope in a way hereafter described. 

4. As with the endless chain, the tub or tubs are placed at a regular distance apart, and the 
rope is driven at a slow speed. 

5. Motion is given to the rope by large driving pulleys, and friction is obtained by taking the 
rope several times round the driving pulley. 

6. Curves can be worked by this system. 

There are no instances of branches being worked by this method of conveyance, but, as will be 
seen by tlie following descriptions, this could very easily be arranged for. 

Bridge Pit, near Wigan, — The No. 2 endless-rope system has been at work at this colliery about 
three years, and is here more extensively applied than at any of the collieries in the district. 

The engine working the planes at this pit is a double 20-in. cylinder horizontal engine, with a 
stroke of 3 ft. 6 in.; the filers are underground, at a distance of 150 vds. from the engine. 
Unlike the general adaptation of ropes in this district, the ropes on> the planes are worked by a 
main driving rope, motion being transmitted bv having two pulleys on one shaft This was 
necessitated by tne distance of the engine from the point to which the coals are led. The rope is 
driven by a main pulley, 14 ft. diameter, working on the third motion. The ratio of the strokes 
of the engine to the revolutions of the pulley is as 7 4 to 1. 



Engine erected 1863. 
Number of cylinders 



DiMEKSiONS or Engine, Boilebs, and Bopes. 

BoiUrt .. Number 

Description 



2 



Diameter of cylinders .. 
Length of stroke . . 
Diameter of piston-rod . . 
ViCngth of connecting rod 

Dimensions of steam*port8 
exhaust 



» 



i» 



Length of breech-pipe 9 

„ main pipe 450 

Diameter of breech-pipe 
main pipe 



I* 



Diameter of driving pinion .. 
„ follower 

„ fly-wheel (1) 

„ driving wheel . . 

Distance between centres of \ 
cylinders / 



fl. 


In. 





20 


3 


6 





3 


10 


6 


In. 


m. 


iSixH 


18J 


x2} 


Steam. Ezhaiut. 


ft. 


ft. 


9 


9 


450 


890 


in. 


in. 


5 


6 


6 


7 


ft. 


In. 


8 


10 


7 


5 


10 


3 


14 






Length over all 
Diameter 



Double tubular 
ft. in. 



80 
6 




6 



yds. 



Tail. 
yda. 

4730 



"^^ }Le°gtl^ 787 

in. In. 

Circumference 8*9 3*14 

• cwts. qra. Iba. cwta qra. Iba. 

Weight .. 48 32 175 2 26 

montha. montba. 



General duration . . ^ 24 
Sheaves., Number (between main) 

pulley at engine and>S4 
tightening pulleys) . . ) 

in. 

Diameter .. 14 

Return 



14 

35 

in. 
14 



^wjw<^i«»^* 



7 lOJ 



Diameter 



672 

ft. in. 
5 
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I>eKrif4ion of ^tn«-j9/aiitf.— Theae planes are laid with ronnd-topped bridge rails in 12-fi. 
lengths, weighing 18 lbs. a yard. AU the planes are laid with a double line of way, one line for the 
ingoing empty tubs, and the other for the fall tubs coming out. The general size of the wagon- 
way is 10 ft. by 4 ft., it having been originally made this size. The average gradient of all the 
ways together is a rise towards the shaft of 1 in 62, the chain-brow way being a rise to the shaft 
of 1 in 54, the slant way a fall towards the shaft of 1 in 47, part of it at the inbye end rising 
towards the shaft at a gradient of 1 in 5*5. 

With the exception of the ourre on the chain-brow way, all the planes at this colliery are quite 
straight. 

Method of Connecting the Tvba to the Rope by Chaint, — ^The chains by which the tube are attached 
to the rope are of f-in. iron, 6 ft. long, with a hook at each end. They are connected to the tub aa 
shown, Fig. 3931. The fore end of the tub is first connected to the rope ; this is done by attaching 
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one end of the chain to the second link of the coupling chain of the tub, and throwing the other 
end oyer the rope, which is constantly in motion. The chain is then passed twice over the rope, 
the hand being introduced under the rope to receive the coils, in order to let the chain slide loosely 
on the moving rope till the hook is secured. When the rieht number of coils ot chain Ttwo in thu 
case) have Men passed over the rope, the hand is withdrawn, the point A is brought over the 
hook, and the chain is pulled tight ; it is not until the chain is securely fixed that tne weight of 
the tub is allowed to come upon the chain. The sketch (No. 2) shows the chain just when it has 
been passed over the hook. When the full weight of the tub is upon the chain, the coils get quite 
close together and form a very compact and secure fastening. An expert hooker-on does not 
need to put his hand between the coils, but passes the chain round the ropo, and secures it beforo 
the rope has time to move on. The chain at the back end of the tub is attached in a similar way 
to that described above, but with three coils instead of two ; this is necessary at the Bridge Pit, 
owing to the heavy weight of the tub upon the chain for a short distance in going inbye. The 
tubs on the other planes at this pit are attached in a similar manner When two or mora tubs are 
put on the planes together, chains are fixed on to the fore and back ends of the gang, or at one 
end only, as the t»se may be. The chain is disconnected from the outcoming tubs, at the back 
end, by unhoo^n^ the chain from the tub ; it is then easily loosened from the rope. At the fore 
end the chain is tight, and the foot is placed upon it, pressing it down, and making it loose enough 
to admit of disconnection. There is more labour required in the disconnecting than in the attach- 
ing at this pit. This description has reference to the taking off of the full tubs at the end of the 
main road, and here there is a rise towards the shaft. At some other places the terminus of the full 
way is made to dip slightly, and the chains are removed just when the tub, passing over the brow, 
loosens the chain at the fore end. On the other hand, the labour required for attadiing the empty 
tubs is less than at other places ; here the empty way is made to rise slightly, the fore chain is put 
on first, and one boy is able to manage both. At another pit (No. 5 Moor)^ where the empty way, 
at the start, falls inbye, both chains have to be put on together, thus requirmg two boys. 

At the top of the main-road way at the Bridge Pit, a boy stands about 20 yds. from the plaoe to 
which the full tubs come, and removes the back chain, leaving it hanging on the rope by the hook ; 
it is taken off by the man who disconnects the chain at the fore end, and, together with the other 
chain, is thrown over by him to the place where the empties are hooked on. 

The usual time for attaching both chains to the empty tub is about twelve seconds, the miniwiwin 
time being six seconds, and the time for disconnecting U rather more. Sometimes a stoppage is 
caused by the fastening of the chain being difficult to disentangle, and the man disconnecting has 
then to rap to stop the engine, to prevent the tub from reaching &e pulley 

The chimin is very seldom known to slip on the rope ; when it does, the damage done is often 
rather heavy, since, should the fore chain slip, the tub going on to the back chedn is geneially 
upset, or in the absence of the back chain it may rest on the plane till the next tub comes up to it,, 
the chain of which not only often knocks the tub off the way, but is sometimes broken itself, and 
as it is difficult to tell at tne engine when such an occurrence takes place, there is much damage 
done before the engine is stopped. The chief accidents to tubs usually occur at the heavy gradient 
on the main way at this pit, for should a weak link in the connecting chain break whilst the tub 
is on this gradient, the tub getting loose generally breaks several other chains and tubs below it 

^ The slow speed at which the tubs go — being 1*35 mile an hour on the main road, and 1*126 
mile an hour on the other ways — ^is necessary to prevent accidents to the tubs. The rope rests 
upon the tubs, and unless the way is laid perfectly straight, it is a slight distance from the centre 
of the tub ; a small angle at a joint of the rails is sufficient to cause this deviation, and is^ould the 
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i^ Mtoh any frreg^arity on the top of the tub, it wiU MmetimM overtimi It ; to avoid thia, moch 
attention IB paid lo keeping the tnba in good jBpair, and thi« partly aoeonnts for the heayyeortot 
maintaining tubs at this pit. ' 

^ In the working of the endless rope at this colliery the apparatiis for putting the dtiTinjt wbeeli 
in and out of gear w found to be indupenaahle. Tbn. the chain brow, the main load. and the main 
road with the slant way, can each be worked separately ; the workinga at the inbye end of tho mam 
road serve to keep the mam way supplied for a ahort time, when it is necessary to put the slant 
way ont of gear. j i- 

V'i'^ ^- *"" "^^ °° V^° e'>gii«'-pl'"'8 at this colliery, one at the bottom of the main road 
worked by diBconnecling and reoonnectmg the tuba, and tho other which self-acts on the obain-brow 
way. At the former, which tuma round an angle of 72°, the motion is transmitted from one pnllev 
to another on the same shaft, as shown. Fig. 3932. The rosd is laid round the curve at ailoh an 
inclination that the full and empty tubs when disoonnected ran by themselves to the place where 
theynra ag»m attached to the rope. There are five hands required here, four boys and one man 

This curve might probably be made to Belf-*ct, like the curve at the chain-brow way, by means 
-e pulleys, but when it was originally arranged, it was intended to draw a large quan- 



The enrve on the chain-brow way is, as before deeeribed, of about 5 yds, radius, and at an angle 
of 118°, Fig, 3933. The ropes are taken round by two 4 ft. 6 in. pulleys, each inclining slightly 
towards the coming-on side. The way for the full tubs is laid nearly level, and for the empty a 
slight rise from the shaft ; this arrangement, after many eiperimenls, having been fonud to act 
most efficiently. The pnlley wheels are made with a large flange on the lower side, Fig. 3934, to 
prevent the rope slipping off, and to enable the knot of tho chain connecting the tub to the rope 
to pass easily into the trod of the whetls. The use of four pulleys instead of two at a curve of thia 
deMriplion would enlarge the radius of the ourva, and cause a smaller part of the surface of each 
wheel to be touched by the rope. Slow speed appears very necesssjy for working a curve by this 
nitem, for the jerk, which oocnra when the tub, in passing round a curve, starts away after 
being stationary for a moment, would probably not fail to canse an accident if taken round at a 
much higher speed, A boy, placed near thia curve for the purpose of taking off the chains at 
the fore end of the ingoing tuba, also attends to the curve when necessary. 

Near the inbye end of the slant way there is a flat at which the tubs are taken off and put on, 
whilst the tub* passing to and from the terminus are in motion. The place is laid with flat sheets 
for ft few yards, nearly on a level with the rails. The empty tubs are disconnected, and brought 
under the rope between two ontcoming sets of full tubs, Pomta are laid on to the full way, and a 
full set or gang of two or more full tnu is put on, when the Blackness of the rope indicates b long 
distance between two full aeti. 

Apparatat for Tighimmg tlopa. — The tightening pulleys, as used in this system of conveying 
nnall sett of one or more tuba by the endless rope, are flied, and not similar to tboee used for the 
Ho, I endlea rope at Shireoaks and other phu^s, where the varying strain upon the rope, owing to 
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attached 
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the weight 



■y tpJcYyiffli^map W.fWfc* aM 6S3."itW hesa experimaita the dTnamometer was 
W^Kfimilinilffifrwi-'*™** t?i.W5l*. and oonnecting the dynamotneler b; 
^^^olf Sv^in^lXtS/^I^^ applied to tighten the chain tiU ti 
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oad, the slant *af and chafn-braw wav being pat 
. _ l:e the instrument upon the he»i7 graoient, it wafl 
i|fi{.|Mid was first taken 297 yds. inb;e on the empty 



get! 

made with the indicator, hi going inbye there 
'upon the level part of the main TOod, and sixteea 
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In the working of this engine road, the arrangement most worthy of note is that the braking of 
the engine is attended to by one of the hookers-on, by means of an iron rod, which extends from the 
engine to the terminus of the plane. The engine stands about 50 yds. from the plane, and is 
stored in a moment when required. 

There is a slight rise inbye about half-way along the engine-plane, and this necessitates the use 
of two chains for attaching each set of empty tubs ; but as at the Meadow Pit, the heayier load of 
the full tub keeps the fore chain constantly tight, so that only one chain is needed in coming 
outbye. The chains at the fore ends of the empty tubs are taken off when the rise referred to 
commences, and are placed upon the out-going full tubs. Fig. 8937. The full tubs are put on two 
at a time, and empty tubs in sets varying from one to fiye tubs. 

Scot Lane Pit, near Wtgan. — ^At this pit an incline. 438 yds. in length, rising towards the shaft 
at an average nadient of 1 in 9, is worked by the endless rope. 

The metnod of connecting the tubs to the rope at this pit is different to that in operation at the 
Bridge and other pits. Instead of the connecting chains being passed round the rope and thus 
secured, strong loops of hemp are fastened on to the rope by a wrapping of string, at regular 
distances apart One hook of the chain is first attached to the tub, and ue hook at the other end 
is then passed through the loop, as shown in Fig. 3938. 

3938. 




The tubs are sent along the plane one at a time, and as the gradient of the plane is very 
regular, only one chain is necessary for each tub. The heavy inclination causes the tubs to keep a 
constant weight upon the chain ; on a light gradient the hook would probably be very liable to uip 
out of the loop. These loops are made of hemp, 1 in. in diameter, and last about four months ; 
they are strong enough to draw twelve tubs at a time up the plane. They are fixed on to the rope, 
17 yds. apart, thus making a regular supply of full and empty tubs necessary. Much less labour is 
required on connecting the tube to the rope by this arrangement, but it would scarcely be so 
applicable on an irregular plane, where two loops would have to be provided for each tub or set of 
tubs. Although the rope passes 1) times round the driving whed, the loops are formed to pass 
round without causing an inconvenience. 

South Wales Endl^s^hain System, Brynddu CoUiery, Olamorganshire.^Bince the first part of this 
Beport was printed the above colliery has been visited, and as the mode of conveying coals is unlike 
an^ before described, and as it is peculiarly adapted to the circumstances under which it ia applied, 
it IS thought desirable to give a short description of this method of working the endless chain. 



DdISNSIGNS of EnOINB, BotLBRS, AND BOPEB. 



Engine erected 1858. 
Number of cylinders 



1 

ft. Id. 

Diameter of cylinders 2 1 

Length of stroke 4 5 

" .. 10 3 

tona. 



Diameter of driving wheel 

Consumption of coal a day . . 
Bo^s .. Kumber .. .. 
Description 



Length over all 
Diameter .. 



Cham 



Diameter of iron 



{8 on surface 
1 underground 

.. Cylindrical 

ft. In 
,. 30 
.60 
in. 



Chaiii 



Length of link 



In. 

7 

cwt. 



Weight 440 

months. 
General duration .. 



Bails 



Tubs 



16 

Iba. 

25 

ft In. 

.. 9 

4 

..2 6 
cwt. 

Average weight (empty) 10 
„ „ of ooal| j5 



Weight a yard 

Length of each 
No. of lines .. 
Gauge of ways 



contained ../ 

Wwhikme, 500 tons a day of 10 hours. 



Veseriptwn of Engme^phne, — ^The plane on which the chain is used is 600 yds. in length, and 
descends at the heavy gradient of 18 in. a yard from the shaft. The engine for hauling the coals 
up this indine is placed on the top of the plane, and works the chain by a horizontal. driving 
wheel. The ordinary speed of the engine is about forty strokes a minute. The chain used is 
made of l}-in. iron, and has links 7 in. in length. The engine is horizontal. The arrangement of 
gearing for giving motion to the driving wheel will be sren in Fig. 3939. 

The chain runs on rollers, which are placed 75 ft. apart. The connrction between the chain 
and the tube is made by a short chain 2 ft 6 in. in length, made of |-in. iron, with an ordinary 
hook on each end. A tub attached in thitf manner to the chain is shown in the sketch, Fig. 3939. 
Only one tub is put on at a time, th6 distance between each tub being about 50 yds. 

There are eight stations on the plane, at each of which the empty tubs have to be delivered, 
and full tubs brought away. This is done bv a simple arrangement. Two long balanced arms, 
which are usually parallel with the roof of the wagon-way, are drawn down to the level of the 
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iRTfty when the tubs have to be put off or taken on at any Btation. The aima when brought down 
are level, and are bo regulated by the counterbalanoei and the weight hanging over the poUeyy 
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as to be very eaaily moved. There are t^o arms at each station for both empty and full ways, 
and these are supported by a beam across the wagon-^ay. Between each two arms an iron plate 
is laid, on to which the tub runs when disconnected from the chain ; the tub is then turned on 
the plate, and tnken into the station. The chain travels at the rate of two miles an hour, and 
at this speed the tubs can be easily connected and disconnected at the stations, without stopping 
the engine. 

In attaching an empty tub at the top of an incline, the tub is brought close to the commence- 
ment of the incline, and the short chain is connected to the tub in the first place, and then to the 
chain, and immediatelv after the last connection the tub is pushed forward on to the incline ; when 
the full tub comes to the top of the incline, the chains are disconnected just at the time when the 
tub coming on the level takes the weight off the short chain. 

Considering the verv exceptional character of t)ie conditions under which this system is worked, 
and its singular adaptability ooth to the heavy gradient and to the leading of coals from numerous 
stations, it is probably the most economical arrangement which could be here adopted. 

Extracts from the Summary of the Report of William Cochrane, George B. Forster, John Daglish, 
Lindsay Wood, B. F. Matthews, Acting Members of the Tail-rope Committee ; Emerson Bain- 
bridge, Engineer to Committee. — It would be difficult for the committee who present the foregoing 
Beport on Underground Haulage to recommend for general use any one of the systems report^ on, 
since each is peciSiarly, and advantageously, applicable to one condition or more of wagoa-way ; it 
was therefore thought desirable to toke a general view of each of the systems, and endeavour, by 
considering their respective advantages, to give some idea of their comparative worth under the 
various conditions in which they exist. 

Tail-rope System. — ^This ejstem of conveying coal underground is most largely developed in the 
counties of Northumberland and Durham, where, after many years trial, it has now attained a 
high degree of perfection. 

One of ^he leading features of the tail-rope svstem is, that it can be applied under almost any 
condition of wagon-way. the crookedness of the way, irregnlarity of gradient, and numerous 
stations and branches, forming no obstacle to its effective working. 

On a single road the tail rope is generally applied ; — 

1. When the gradient of wagon-way dipping inbye is not sufficient to cause the empty tubs to 
draw a single rope after them. 

2. When the gradient dipping outbye is insufficient to make the tubs self-aot. 

8. When, as at North Hetton, the full tubs coming outbye will not pull the single tail rope 
after them. 

This single tail rope (that is, a tall rope working without a main rope) is in operation in the 
main coal seam at North Hetton Collieiy, where the engine-plane rises from the shaft, and the rope 
passing round a sheave at the inbye end of the plane, draws the empty tubs up the bank, the full 
tubs TOing braked down. This arrangement is usually adopted when the tubs will not self-act, 
and where it is desirable to have the engine near the shaft. 

The tail rope is usually applied on branches to supersede horses. 

The following are the conditions of the five tail-rope planes reported on ; — 

North Hetton — ^Two main roads, with branches worked both to the rise and to the dip, and 
with curves on the main road and on the branches. 

Seaham — Engine-plane, with slight curves, rising towards the shaft. 

Beaton Delaval — Engine-plane, with slight curves, level. 

Harraton — ^Engine-plane, with sharp curve, falling towards shaft ; one branch worked. 

Murton->Engine-pfane, with curves, rising towards the shaft. 
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The labour at a branch end can be managed by one boy ; when Kos. 1 and 2 jnMiodB are 
adopted, a run-4'ider is of some service, as two connections have to be made, and at poinii often same 
distance apart ; with No. 3 method a nm-rider is not so necessary, bnt is generally employed. 
When two branches are worked opposite to each other the same amount of labour is sumeieni. 
Run-rider is the name given in the North of England to a man or boy who rides on the last tub of 
the set, for the purpose of signing to the engineman in case of an accident ; he also assists in 
connecting the ropes to the set. 

Three methods of taking the ropes round curves will be seen on the sketches, Figs. 8948, 3944. 
In No. 1 the curve has a large radius, and the tail rope is taken mmd a single sheave, and along 
a narrow place, a pillar of coal 



TO SHAFT ^^ 






X 

X 



EMPTV WAY 




§ 



MAIN ROAD 



ruLt ^^/AV^ 



supporting the roof between it 894.^ 

and the curve. The curve in 
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the tail rope round a single 
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The tail rope is often ap- 
plied to work a plane with no 
branches, but with one or mora 
stations on each side of the 
main wav, in which case only 
one set of ropes is used. Kurton 
and Seaham planes ptesent ex- 
amples of this arrangement. 
These stations are usually 
worked by one of the two 
methods shown. Figs. 3943, 
3944. 

In No. 1, which represents 
the arrangement of the North 
Hetton stations, the ropes are 
knocked off the empty set in 
going in at the points A A, 
opposite to which the full set 
stands ready to go out. A 
gentle fall in the way causes 
the empty tubs to run for- 
wud, and they are turned by 
the switch S into the siding 
BB. 

In No. 2, which shows the Seaham Colliery arran^ment, the middle way is the main road ; 
the empty tubs, having been brought into the siding \ X, are then brought round the curve A^ 
which consists of two movable rails. When the full set comes out these rails are removed. With 
this arrangement the drivers have to cross the main road every time they take the empty tubs 
inbye ; this is avoided with the stations worked as at North Hetton. 

The engine and boilers requisite for working the tail-rope system are usually arranged in one 
of the three following ways ; — 

1. The engine and boilers both on the surface, the rope being taken down the pit in wooden 
boxes. 

2. The boilers on the surface, and the steam-pipes taken down the shaft to the engine under- 
ground. 

8. The engine and boilers both underground. 

Endless-chain System. — The experiments on the endless-chain planes, which follow next in order 
to those on the tail-rope planes, were all made at the collieries at Burnley, under the management 
of Mr. W. Waddlngt(m. 

Although the endless^shain system of leading coals has been in operation at Burnley, and other 
parts of Lancashire, for a great number of years, it has until lately been very little known in the 
North of Enghmd. 

Like the tail-rope, the endless-chain system is adaptable to every condition of wagon-way, but 
differs from the former system in the following important items ; — 

1. As a general principle, it may be stated that when the two ends of an undulating plane are 
at the same level, the power required to work such a plane will be very little more than if the plane 
were perfectly level. 

2. A heavv gradient can be worked safely and efficiently. 

3. Since the chain will only work safely in a straight line, or, at the most, round a slight curve, 
every sharp curve upon the planes necessitates the erection of two pulleys, in order to direct the 
chain to another course, and requires the attention of a man or boy. 

The system is very extensively in operation on the surface at Burnley, and the slow speed at 
which the tubs are conveyed not requiring a very carefully-laid wagon- way, they generally lay the 
wav upon the uncut sod, only makmg embankments or erecting gearing when a stream or deep 
denle has to be passed over. The surface of the country is very hilly in this district, and it is 
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therefore more eoonomioal to carry the ooals from the pits to the camUs and railways in tubs by 
the endless chain, than by wagons on ordinary railways. 
The endless-chain planes reported on are as follows ; — 



Hapttm Valley, — ^Undergronnd chain road. 

„ „ Surface chain road. 

Qannow, top bed. — Underground chain road, 
low bed. — M 



»» 



Rwoley, — Underground chain road. 

„ Surface chain road. 
Clifton Hall, — Surface chain road. 



Methods of Applying the EndUsB^chain System, — ^The ensinea working the endless chain at Burnley 
are nearly all of one class, namely, double 12|-in. cylinder vertical overthrow engines. Motion is 
transmitted to the wheel driving the endless chain by means of toothed gearing ; the ennne 
usually goes at a speed of about eighty stookes a minute, and works the driving wheel on the third 
motion. 

The engine-plane consists of two lines of rails, one for the full, and the other for the empty 
tube, tlie tube moving in opposite directions. The lines are generallv laid just near enough 
together to allow a few inches play between the tubs on the empty and full ways. 

In working a straight main way (that is, with no branches), such as the Rowley and Hapten 
Valley surface planes, by the endless chain, the driving power is generally placed at the higher 
end of the ginney road. The only wheels requisite for working the chain are the driving wheel at 
one end, and a tail or return sheave at the other end of the p[ane ; between these two points the 
chain rests upon the full and empty tubs, the distance of which apart, and the speed at which 
they are moved, vary according to the quantity of coal passing aJong the plane, the distance 
between the tubs being from 10 to 80 yds., and the speed from one to three miles an hour. 

The wheels round which the chain passes at the two ends of a ginney road are usually 8 ft. in 
diameter. The driving wheel, as used at Burnley, generally consists of an ordinary sheave, round 
which a piece of boiler-plate, about 10 in. wide, is fixed, and to this are attached about twelve steel 
or iron feet, on which the chain rests ; these feet aro renewed, as required, and thus the chain 
never touches the plate. The method invariably adopted at Burnley, in order to ^t friction 
sufQcient on the chain to prevent it slipping round the driving wheel, is by passing it 2} times 
round the wheel ; at Towneley Colliery it is passed 4} times round. At the Baxenden Collieries, 
near Newchuroh, ordinary sheaves, with forks about 12 in. apfirt fixed in the trod, are used as 
driving wheels, Uie chain only passing half a turn round, and the horizontal link of the chain 
fitting into the fork. These wheels, which are much preferred at Newchureh, were formerly used 
at Burnley, but are now altogether abandoned in favour of the bevel-faced wheels. The return 
wheels, at the other end of the ginney road, are just common 8-ft. sheaves, round which the chain 
passes half a turn. 

When there is a curve in a single chain road, either the same chain is taken round the curve by 
two wheels on different shafts, arranged like the self-acting curves on the surface, or there are two 
pulleys on the same shaft on which are different endless chains. If there be no branch wav from 
the curve, the former method is usually adopted, and the road is so formed that the tubs will leave 
one chain, pass round the curve, and connect themselves to the other chain, without any assistance ; 
but as this cannot be depended upon, attention is always necessary at a curve. At the Burnley 
Collieries there is generally a branch end at eveir curve. 

There are only two sel^Lcting curves in the Burnley district, both of which aro on the surface. 
These curves generally work very well, and without the occurrence of any accident ; but as a badly- 
greased tub, or a tub getting off the way, causes some damage, if not looked to. they are always 
kept in sight, that at Padiham being within a few yards of a man constantly working at the same 
place, and that at Towneley within view of the terminus of the ginney road. With very carefully- 
laid rails, and due attention to the exact point at which the rise or fall of the way should be, curves 
might be worked at almost anv angle, and with very little attention. 

As far as hitherto proved, it may be laid down as a rule in the workine of the endless-chaiu 
system, that all curves underground require labour, and thus it Is generally desirable either to 
have a branch or branches from the curve, or to pass the tubs round bv the self-acting method 
described, which could be managed by a boy at is, a day. It has yet to oe shown to what extent 
curves can be worked bj this sjrstem without pulleys. At the Baxenden Collieries, in Lancashire, 
a curve of about 15 ehams radius has lately been commenced on the surface, and is found to work 
very satisfactorily. 

In working branches the chain passes round a wheel at the branch end, which transmits motion 
to another pulley or pulleys, either on the same shaft, or on another shaft a short distance off; 
when the pulleys are on another shaft, motion is given either by mitre-gearing and shafting, or by 
a short endless chain ; at Towneley motion is tnmsmitted by continuing the same chain past a 
branch end, and taking it over a pulley which works the branch by means of vertical gearing. 
The puUeys on the main road for working the branches are generally so arranged, that they can 
be put out of gear, in case of any accident or slackness of worl^ whilst the other chains continue in 
motion. 

Though it would appear rather difficult to work a branch on each side of the main way to the 
same point, since the full tubs from one of the branches cross over the course of the empty tubs on 
the main way. and the empty tubs from the other branch cross the course of the full tubs, the slow 
speed at which the tubs travel prevente this from causing any inconvenience. 

Another mode of working branches is that carried out at Marsden Colliery, near Burnley, 
where two branches aro worked by one chain passing round a single pulley. This is the only one 
of all the methods of working blanches, in which one branch cannot be put out of gear without 
t/Uypjing another. 

In Mch of the arrangements mentioned for working branches, it is necessary that the tub should 
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leave the ohain at the atation — becoming attached to it again immediatelybeyond the pnlley; and 
the attending to the re-attaching of the tubs at the branch ends in this way, is one of the chief 
items of labour in the cost of leading coals by the endless chain. The mode of working bianchcui 
usually adopted at Burnley, is to have shafting and mitre-gearing under the flat sheets, sometimea. 
as at Hapton Valley, worlang two branches from the same mitre-wheel. 

In working branches by the endless chain no regular curves are necessary, since at the branch 
ends the termini of ginney ruads are usually laid with flat sheets upon which the tubs are turned ; 
the small tubs used at Burnley can be turned so quickly, that there is often not more thfm 10 fl. 
from the end of one ginney road, to that of another at right angles. 

At Gannow and Bowley Collieries the underground endless chain is worked by an engine on the 
surface, the chain at the latter colliery being attached to the winding engine. The way in which 
the ohain is conveyed down the shaft is very simple, and is shown in the section of the J^wley and 
Gannow undergzound planes, Fig. 3945. Whilst a |-in. chain is used in the workings, a |-in. 
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Stgnlfies direction of rise. 
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Between the sbalt and wheel B Is 
another weight, similar to that at W, 
to keep the chain tight. 




EX1»LAKATI0N*. 

The top bed is worked "by engine (1). 
., low bed M - W- 

Both beds may be workt'd by either engine, hj 
passing the chain round the wheels A, Instead of B 
respectively, as required. 

The letters C. 1), E, refer to corresponding points 
on the sketch of ground plan. 

chain is used in the shaft, the latter being nsnally kept tight by passing the chain, at the bottom 
of the pit, lonnd a sliding pulley, to which a suspended weight is attached. A sufficient proof of 
the efficient working of me chain in the shaft, and of the very small amount of power reqnisite to 
take it down the pit, is given by the results of the Rowley experiments, which show that only 
0*54 horse-power is required to take the chain 150 yds. down the shaft, and 27 yds. from thie 
bottom of the shaft to the main driying wheel. 

As compared with the tail rope, the maximum advantage of the endless chain, as far as the 
power requisite to drive the system is concerned, is probably realized on an undulating plane, the 
ends of which are at the same level. A very good instance of the counterbalancing effect of an 
undulating road is shown on the Bowley plane, which is 1980 yds. long, the highest point on the 
plane being 145 ft. above the lowest, and the average gradient 1 in 68, fall for fiill tubs ; here only 
5*16 horse-power is required to work all the tubs, and chain suspended on the 'tubs. Another 
instance is at Bowley Colliery, where the average gradient of the planes is sufficient to cause all 
the tubs to self-act. The planes at this colliery, however, are kept connected to the engine for 
reasons explained in the report on the Bowloy plane. 

The chief feature of the self-acting planes, as worked by the endless chain, is tliat a regular 
gradient is unnecessary, a heavy dip at one part of the plane being sufficient to cause the tubs to 
self -act. Thus a nlane may have a rise for some distance for the fall coals, and yet, since there is 
continually a loaa upon the heavy part of the plane in favour of the full tubls, self-ad Thus 
planes can self-act by the endless chain which could not possibly do so with a rope. 

At Burnley, the force of gravity on self-acting planes is sometimes made to work a level plane 
at. the top of the self-acting plane. 

Stations are worked by the side of the main chain roads, simply by "having small pulleys fixed 
to the roof. Figs. 8946, 8947, opposite to the station, on which the chain is placed when tubs are 
required. There are generally iron flat sheets at the stations over which the tubs are brought from 
the opposite side of the way. A tub, after having been passed over the flat sheets, is allowed to 
be altogether moving on the rails again before it is touched by the chain, in order that the chain 
may be sure to reach it in the centre. 

The method of leading coals by the endless chain as adopted at Clifton Hall Colliery, which 
oonsists in moving the tubs by the weight of the chain alone, there being no forks on the tubs, can 
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explained in the Shireoeks report, the set when going in is diaoonnected from the rope before 
reaohing the station, and the inclination of the wa^ is sufficient to take it to the end of the plane. 
It will thus be seen that on the Shireoaks plane, stations could not be worked under other conmtions 
than those described. They might, however, be arranged like the tail-rope stations, Fig. 3943, and 
by having the points leading from the main way to the siding movable, as shown. Fig. 3948, the 
difficulty of the rope beins endless would be obviated. Here the rail A B moves on a pivot at A, 
Fig. 8948 ; if the set had to go into the statioD, this rail would be placed as shown, the rope 
passing under the rail ; if it were intended for the main road, the rail would be put into tne 
position A B. More labour would be necessary in leading coals from stations in this way than 
IS requisite with the tail-rope system, which is very well a£kpted for the purpose. 

As this system is capable of conveying a large quantity of coals on a smgle way, the double 
way as adopted at Shireoaks may be considered quite unnecessary, and can only be recommended 
where sockets are used and run-riders dispensed with, and where the inclination of the engine- 
plane is such that one set of tubs will give assistance to another throughout the greater part of 
the plane. 

Fig. 3949 is of an effective arrangement of driving wheel at Hapten Valley Golliery. Fig. 3950 
is of Uie vertical double engine at Hapten Valley and Rowley Ck>llieries. See Aobicdltural 
Imflxmsntb, p. 29. Bbaks. Goal-outtino Haohine. Goal BiuriNO. Goal Wabbisq. Dbaikaob. 
Dtnamometeb. 

HAUNGH. Fb., EsaeOei Geb., OewOIbeachenkel ; Ital., Coscia cUlh votta; Span., Rifion do una 
h&oed(u 

That part of an arch between the key-stone and the springing is sometimes termed the haunch 
of an aron ; the two parts between the crown and the springing are hence called the haunches of 
the arch. See Aboh. 

HAWSER. Fb., AuasHre^ Orelin ; Geb., TVom, ScUepptau ; Ital., Oherlino ; Span., Quindalexa. 

A hawser, or halser, is a small cable ; or a lai^e rope, in size between a cable and a tow-line. 
The sizes and lengths of hawsers and warps, aoooraing to Lloyd's Rules, are given in the following 
tabulated form. i 









Hawsers and Warps. 




Ship's 


Hawsers and Warps. 


Ship's 






















ToDDage. 




stream. 








Tonnage. 


Stream. 
















Hawser. 


Warp. 


Length. 








Hawser 


Waip. 


Length. 




Chain. 


Bope. 










Qhmin. 


Rope. 








tons.' 


ins. 


lethA. 


inches. 


inches. 


inches. 


fatbomi. 


tons. 


ins. letbs.^ inches. 


inches. 


inches. 


fathoms. 


50 





7 


5 


8 




90 


600 


13 


9-5 


7 


4 


90 


75 





7 


5 


8 




90 


700 


14 


10 


8 


5 


90 


100 





8 


5-5 


8 




90 


800 


14 


10 


8 


5 


90 


125 





8 


5-5 


8-5 




90 


900 


15 


10 


9 


5-5 


90 


150 





9 


6 


4 




90 


1000 


15 


10 


9 


5-5 


90 


175 





9 


6 


4 




90 


1200 


1 


10 


9-5 


6 


90 


200 





10 


6-5 


4 




90 


1400 


1 


10 


10 


6 


90 


250 





10 


7 


5 




90 


, 1600 


1 1 


11 


10*5 


65 


90 


800 





11 


7-5 


5-5 




90 


1800 


1 1 


11 


11 


7 


90 


850 





11 


7-5 


5-5 




90 


2000 


1 2 


11 


11 


7 


90 


400 





12 


8 


6 




90 


2500 


1 2 


12 


12 


8 


90 


450 





12 


8-5 


6-5 




90 


3000 


1 3 


12 


12 


8 


90 


500 





18 


9 


7 




90 
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HEART-WHEEL. Fb., Soue «n oonw ; Geb., Herxadtetbe ; Ital., Huoki a cuore ; 8fah., Rueda 
de coraxon. 

See Geabtno. 

HELIOST AT. Fb., ffeiiostat^ porte^umHre ; Grat., Heliostai ; Ital., Eliostata ; Bpak., Heliostaio. 

A beliostat, Fig. 3951, is an instrument by which a sunbeam may be introduoed into a dark 
room, and, by means of olookwork, kept directed to, and upon a fixed point. A heliostat, suitably 
arranged, is often employed in trigonometrical surveying. See Gbodebt. 

Siibermarm's Heliostat — ^This apraratus is mounted on a plate which moves round a vertical axle, 
and is adjusted by means of a level ; the position of the axis of the time-piece is made to correspond 
with the latitude of the place by means of an arc and the adjusting mechanism u. Supposing now 
that this axis has been placed in the meridian and that G 0' represents the dial, D D' a limbus. the 
centre of which is in O, and in the plane of which is carried a needle pointing to the correct nour 
indicated on the dial, then the plane of the limbus wiU pass through the centre of the sun. The 
limbus D D', which moves in a box B, in which it may be fixed at any position bv means of the 
screw y, is divided into parts, and by making the distance from the centre of the box to the end 
D of the limbus equal to the complement of the declination, the line DOM will represent the 
direction of the rays of the sun. 

The mirror is carried by a jointed or articulated rhombus, the diagonal P P' ef which is 
vertical to the plane of the mirror ; this rhombus is constructed in such a manner that one of its 
sides is parallel to D O, that is to say, parallel to the rays of incident, whence the reflecting ravs 
become parallel to the other side of the rhombus. By means of a second limbus R R', which can oe 
fixed in its poeition by the screw V, the inclination of these reflecting rays can be changed; and 
in (Nrder to bring these rays into all possible azimuths, the limbus R B' is carried upon a hollow 
ahaft A, which contains, besides the tranafenring meehanism of the time-pieoe, the moving 
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mechanism for the needles nod the other limbns D D'; this shaft A can be fixed by the h«id- 
Bciew V". A pinule tf and a screen P are arranged in sncli a manner that the chord eru paimllel 
to O D, whence the ray that passes through e arrive always at P as soon as the apnaratus » 
regulated. This ciicumstanoe or condition may be used, on the other hand, for placing the azu in 




the meridian by means of setting the time-piece correctly, making the arc B D equal to the comple- 
ment of the declination, and by turning then the apparatus upon its base-p|ate until the ray of the 
sun is seen to pass from e to P. A similar arrangement is adopted in M. Foucault's helioetat, and 
may be fixed to all other ones. Fig. 3951 is of a neliostat made by Elliott Bros., London. 

HELIX. Fb., If(riice ; Geb., Schraubenlinie^ Spirale ; Ital., EHce ; Span., If^iice, 
• A helix is a curved line of double curvature, a spiral line, as of wire in a coil. A knowledge 
of twisted surfaces, that have helices to guide the generating straight line, is indispensame 

in designing screw-propellers. The equations of the helix are x = a cos . ^ and ,v = a sin. -r ; 

X, y^Zj being the co-ordinates of any point in the twisted surface. Bee Abchimedian 8gbew. 

HINGING. FR.,Ficher; Geb., Auf hanger, durils ein Oelenk verbinden; Ital., Oangherare; 
Span*., Embisagrado. 

Hinging is the art of connecting two pieces of metal, wood, or other material together, such as 
a door to its frame : the connecting ligaments that allow one or other of the attached substances to 
revolve are termed hinges. There are many sorts of liinges, among which may be mentioned, butts, 
chest hinges, coach hinges, rising hinges, casement hinges, garnets, scuttle hinges, desk hinges, 
screw hinges, back-fold hinges, centre-point hinges, and so on. To form the hinge of a higlily- 
finished snuif-box requires great mechanical skill ; but few of the best jewellers can place a faultless 
hinge in a snuiT-box. 

There are many varieties of hinges, and hence there are many modes of applying them, and 
much dexterity aud delicacy are frequently required. In some cases the hinge is viBible, in others 
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HTDRAULICS. Fs., Science hydraulique; Gbb., Waasermaschinenkunde ; Ital^ IdrauUca; 
Span., Hidrdulica, 

Hydranlics is that department of engineering which treats of fluids in motion, especially of 
water, which in motion presents itself in four different ways ; as passing out of a reservoir ; 
flowing in a hed ; acting as a motor .- and in a passive state raised by machines. 

There are two quantities to be found in all calculations relating to this science — the weight of 
water and the intensity of gravity. These quantities are variable, but almost always supposed 
constant. What follows will enable us to judge of the error which may result from thia 
supposition. 

When water is entirely pure, and is taken at its maximum density, it weighs 62*4491 lbs. a 
cubic foot : such is its specific weight. It may vary from three causes. The most powerful is the 
temperature. We know that heat expands bodies, and this diminishes their density or specific 
weight From accurate experiments, the density of pure water, at difierent degrees of Centigrade 
and Fahrenheit thermometers, would be as indicated in the following Table ; — 



Temper ftture. 


Weight of a 
cubic mitre. 


Weight of a 

cnbiclbot 

in lbs. 

1 


Temperatare. 


Weight of a 
cubic mitre. 


Weight of a 
cuUc foot 


Gentigrade. 


Fahrenheit 


Gentigrade. 


Fahrenheit 


Inlba. 


4 

6 

8 

10 

12 

15 


89^ 

50 

53f 

59* 


kil. 
1000- 
999-95 
999.87 
999-72 
999-54 
999-14 


62-449 
62-446 
62-441 
61-482 
62-420 
62-396 


20 
25 
30 
50 
100 


68 • 

77 

86 
122 
212 


kil. 
998-24 
997-99 
995-73 
987-58 
956-70 


62-339 
62-268 
62182 
61-673 
59-745 



Below 4° Centigrade or 39^ Fahrenheit, the density, instead of continuing to increase, dimi- 
nishes ; this diminution, at first very slow, rapidly progresses towards the limit of congelation, and 
the weight of a cubic foot of ice is only 58-078 lbs. 

The effects of pressure are much less sensible. Water was, for a long time, considered wholly 
incompressible ; but experiments have shown that, under very neavy loads, it is really compressed, 
although but a very small quantity ; about 0*000046 of its volume under the weight of one atmo- 
sphere ; that is, under a pressure represented by the height of a column of mercury in a barometer, 
a height estimated at 29-922 in., and which is equivalent to the height of a column of water about 
83-793 ft. But as, in common practice, we shall not have to calculate upon such depths or heights 
of water, we may, without sensible error, entirely neglect the effects of pressure. 

What proceeds from saline or earthy substances contained in the waters which run on the sur- 
face of the globe, may also, in most cases, be omitted, the specific weight of the water of rivers being 
only one or two ten-thousandths greater than that of distilled water, which is taken as the standard 
of perfectly pure water. Professor Boisgaraud found, by many trial^ made with great care, 
1000^-149 for the specific gravity of the water of the Garonne, that of distilled vrater being 1000 
kilogrammes to the m^tre, or 62*449 lbs. to the cubic foot. Brisson has nearly an equal result 
for the Seine. Moreover, a mass of water, when surrounded by air, loses, like all other bodies, a 
part of its weight equal to the weight of air whose place it occupies ,* and this loss, which is 

«iWom below j^= -00010, may be even ^ = -00013. 

Finally, in our mean temperafcures, and according to different circumstances, the weight of a 
cubic foot of water will be only from 62*35 lbs. to 62*39, or the cubic metre from 998^*4 to 999^. 
We shall, however, constantly admit 1000^ this value rendering the conversion of cubic metres of 
water into kilogrammes, and vice versa, extremely easy. 

Experiments made at the observatory of Paris, gave 0«-9934 = 39- 128 in., or 3 '2606 It, fir 
length of a pendulum vibrating seconds, this length being reduced to the level of the boa ^^''k m 
we conclude that, in that place, a heavy body descends 4"-9044(= ^ x * 99384 r') - h 
during the first second of its fall. If, at the end of that time, gravity ceased to act upon 1 1 . 
continue to descend, but with a uniform motion, running through double the space, or :> 
a second; this number, which expresses the velocity impressed by gravity in the unit 
represents, for Paris, the intensity of that accelerating force ; we generally designate that it.i 
or velocity by g, the initial letter of the word gravity, (Bee our article Gunnery.) g nu^ 
with the latitude, and diminishes with the elevation above the level of the sea, and ge".- 
we have the empirical formulas ; — 

In feet ig = 32«-16954 (1 - 00284 cos. 20 (l - ^) • 

In metres [g = 9«*8051 (1 - 000284 cos. 2 o(l - ^) , 

/ being the latitude of the place, e its elevation above the level of the sea, r the radius of the '•• 
restrial spheroid at the level of the sea in Uiat place ;— 

{ r = 6366407- (1 + 0*00164 cos. 2/) } = ^0887510 ft. (1 + 0-00164 coa. 20- 

Thus, at Toulouse, where ? = 48<» 36* and « = 146™ = 479 ft., we have g = 9«-8032 = 32*1633 ft.; 
at Montlouis, where / = 42° 30' and e = 1620" =: 5315 ft. (the mean height of the bannneter being 
29*72 in.) (Journal des Mines, tom. 28, p. 318), g = 9" '7977 = 32 1453 ft 
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Jibber acceptation in this article. The fourth of 
"'le to the oiicunueribed sqnue, presenting itaelf 

el kept constant]; full of water np to A B. If 
orificea M and N, the fluid will para out in tlie 




, . face F B on opening O be made, we shall here- 
in the llnee O F and P Q, the fluid paases out at 
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^ H the height or bead of water in the reservoir, 

^Mi^ s^^openinga H and N did not qnite attain the level 

a.u£!!L:_£2_',. .J — .~j • feotly equal tnbes, the water 
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Dlaineter of 
Orifice. 



Head of 
Orifice. 



Series ot 



Square roots' Discharges 
of Heads. ,or Velocities. 



Inches. 
0-3937 



1-063 



3- 189 



Inches. 



1 
1 
1 
1 
2 



024 
181 
575 
969 
362 



1000 
1074 



1 
1 
1 



241 
-386 
•519 



feet 
4-265 
9-580 
12-500 



000 
■500 
713 



1 
1 
1 
1 
1 



000 
064 
244 
393 
524 



1 
1 
1 



000 
497 
707 



6-378 



squares. 

7|in. 

by 
71 in. 



7-677 
12-500 
22-179 



6-923 
12-008 



1-000 
1-305 
1-738 



1 
1 



000 
316 



1 
2 
2 
4 
5 



312 
297 
281 
265 
249 



1 
1 
1 
1 
2 



000 
323 
581 
803 
000 



1-000 
1-301 
1-692 



1 
1 



000 
315 



1 
1 
1 
1 
2 



000 
330 
590 
806 
000 



Experiments made by Mariotte, and repeated a hnndred times since, leare no doubt as to this 
principle. We will here give the results of some of them ; this will fix the degree of confidence 
with which the principle may be received ; other 
details from the series of experiments which fur- 
nished these will be given presently. The first series 
was made by M. Castel and D'Aubuisson : the 
second, by Bossut ; the third and fourth, by Miche- 
lotti ; and the last, by MM. Poncelet and Lesbrcs. 

It will be remarked that the heads were vaned 
in the ratio of 1 to 200 and more, and the sections of 
the orifices from 1 to 500 ; and yet, in all, the velo- 
cities followed the ratio of the square roots of 
the heads; the small difierences which are seen, 
sometimes in excess, sometimes deficient, may be 
neglected ; — small errors are inevitable in sucn ex- 
periments. Their direct object was the determi- 
nation of the discharges; but it is evident that 
when the orifice is the same, the discharge varies 
only with the velocity, that it is exactly propor- 
tional to it, and that the series of ratios of one is 
also the series of ratios of the other. 

The general principle that the> velocities are as 
the square roots of the heads, as well as the theorem 
of Torricelli for oases where it is applicable, extends 
to fiuids of aU kinds; to mercury, oil, and even 
aeriform fiuids. So that the velocity with which 
each of them passes an orifice, is independent of 
its nature and of its density : it depends only on 
the head ; experience proves it. 

Simple reasoning, also, can show that it must 
be so. Take mercury, for example ; the particles 
placed before the orifice, and on which it is neces- 
sary to impress a certain velocity, are, it is true, 
fourteen times more dense than those of water, and 
therefore they oppose fourteen times as much resistance to motion ; but as the mass which presses, 
and which produces the velocity of passing out (being about fourteen times greater), exerts a 
motive effort fourteen times greater, there is a compensation, and the impressed velocity remains 
the same. 

To the pressure which a fluid contained in a vessel exerts by its weight on the orifice of exit, 
may be added a foreign pressure, and the velocity of flowing is augmented. What wiU be its 
increase and its definite value? 

Let P be the weight of hodj which produces the pressure, and 8 the fiuid surface or portion of 
the fluid surface on which it immediately acts, namely, that which is in contact with it; A the 
elevation of that surface above the orifice, and p the weight of a cubic foot of the fiuid contained 
in the vessel. For the given body substitute, in imagination, a column of that fluid, which would 
have a for its base, and whose height h' would be such that the weight of the column would be 
equal to that of the body ; we should thus have F = pah' from which to deduce h' ; substituting 
thus one body for another of equal weight, we should' not change the pressure experienced by the 
particles contained in the vessel. Suppose, further, that after having withdrawn the body, we add 
'm tiie vessel (whose sides we may suppose to be prolonged to an indefinite height) a quantity of 
the same fluid as that already contained, until its level has attained the summit of the colunm ; 
according to the laws of hydrostatics, all the mass of the fluid added would only produce a pressure 
equivalent to that of a single column ; so that the particles situated before the orifice would experi- 
ence a pressure exactly equal to what they first experienced, and will always tend to pass out with 
the same velocity. Now, in the new state of things, the height of the reservoir above the orifice, 
the heiglit generating the velocity of exit, is evidently h* + h, and consequently this velocity wUl 

he^2g{h' + h). 

Take, for example, a vessel closed on all sides and filled with alcohol, whose speoific gravity is 
0*837 : on the cover is a circular opening of 1^ in. diameter, in which is a piston loaded with 18 oz. ; 
the orifice of exit is 10 in. beneath that opening. To determine the velocity with which the 
alcohol will run out. We admit that the friction of the piston on the edges of the opening is 
balanced by the weight of the piston itself. 

We then have P = 18 oz. = 1-125 lb. ; s = 7854 X Cl*25)« = 1*227 sq. in. = -0085 sq. ft. : 
p = -837 X 62-429 = 52-271 lbs. and A = 10 in. = -833 ft; for A', the equation P = ;jsV or 
1 - 125 = 52 * 271 X - 0085 //, gives 2 * 5329 ft. Thus the alcohol will issue with a velocity of 

V2<ir(2-532y+*833) = ^64364 x3'3659= 14*718 ft 

If the vessel were not kept constantly full, this velocity would gradually diminish. 

After having given the expression of the velocity with which any fluid issues from an orifice, we 
pass to the use made of it in determining the discharge. 

We call the discharge of an orifice the volume of fluid which runs out of it in the unit of time, 
the second. 

If the mean velocity of all the fluid particles were that due to the whole head H, this velocity, 

which is then called theoretic velocity^ would be tj2 y H ; if^ at the same time, the particles passed 
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to each other, and to the axis of the tube ; so that the section of the vein at its exit is onite equal 
to that of the orifice, bnt the velocity is not that due to the head of the reaenroir. If the flowing 
were produced only by the simple pressure of the fluid contained in the reservoir, probably the 
velocity, at the section of greatest contraction, would be that due to the head, then it would 
diminish in proportion as the vein dilates^ in virtue of the law or axiom of hydraulics, when an 
incompressible fluid in motion forms a continuous mass, the velocity , at its different sections, is in the inverse 
ratio of the area of the section ; the diminution would cease when, the vein having attained the sides, 
its section would become equal to that of the orifice. Since m is the ratio of the section of greatest 
contraction to that of the orifice, the velocity along the sides, and c onsequently at the exi^ would 

be m ik/2gW; and for the discharge we shou ld hav e S x m V2 g H. 

In orifices in a thin side, it was m S x ^^2 g H ; thus the discharge would be the same in both 
cases ; the only difference is, that in the latter the diminution would have affected the factor 8, 

and in the tubes it would have fallen on the factor ^2g H ; that is to say, on the velocity. But 
the attractive action of the sides changes this state of things ; not only does it cause the lines to 
deviate from their direction, but it also increases their velocity, so that the velocity of exit is 

greater than m V2^H; it will be m' tj2g'B, m' being a fraction greater than m ; and the discharge 

will become S x nl Jig H. 

We see by this, that in cylindrical tubes and in ajutages generally, the effect of contraction is 
involved in that of the attraction of the sides. Without being able to assign what belongs to the 
first alone, we will remark that for every interior contraction tiiere is a corresponding diminution 
of velocity, and every exterior contraction produces a diminution of section. 

Let us examine the form which contraction gives to the fluid vein passing fh>m an orifloe. Take 
first the most simple case, that of a circular orifice in a thin and plane side. 

The direction as well as the velocity of the particles at the different points of the orifice beinff 
symmetrical, the contracted vein must also have a symmetrica) form, and conseauently be a solia 
of revolution, a conoid. It is so in fact, and observations about to be reported ^ 
give it the form represented by AB &a, Fig. 4002. Beyond a 6 the contraction ^^ ^^^' 
ceases, and the vein continues under a form sensibly cylindrical for a certain 
length, and until it becomes entirely deformed, from the resistance of the air and 
other causes. 

In the first part of that length it is full, clear, sometimes like a bar of the 
most beautiful crystal ; then it becomes disturbed, and, examined in a strong 
light, it presents a series of swellings and contractions. From the verv ingenious 
experiments of M. Savart, the appearance of continuity of the disturbed part is 
only an optical illusion, arising from the rapidity of the motions ; this part con- 
sists of a series of distinct drops, alternately large and small, leaving between each 
other a space eight or ten times greater than their mean diameter, the form of 
which, oscillating round that of a sphere, is alternately an elongated and an _ 
oblate spheroid. ^ 

Boyle observed that the length of the clear part, as well as that of the swellings in the disturbed 
part, increased proportionally to the diameter of the orifice and the head ; for the clear part, it was 

nearly 380 </ V A in metres, or 209 dijli in feet. The formation of drops, that is to say, their 
detachment from the clear part, is not, even in descending jets, an effect of the acceleration of 
velocity due to gravity ; for it takes place equally in jets thrown upwards. It appeared to Savart 
to be- an immediate effect of the oscillation which occurred in the fluid of the reservoir, in conse- 
quence of which the particles of the jet, being sometimes more and sometimes less pressed at 
their exit from the orifice, moved with a velocity alternately greater and less. D'Aubuisson 
discovered such alternations in most of the motions of fluids. He observed them also, in a vei^ 
marked manner, during his experiments upon the resistance which the air experiences in conduit 
pipes. 

M. Savart also showed the very singular influence of the waves of sound on the liquid veins; 
for exMnple, if the disturbed part be received on the bottom of a vessel, there is heard a sound due 
to the impulse of successive drops : if then a note be produced on a violin in unison with this sound^ 
the clear part of the jet is immediately seen to become shortened, and sometimes even to disappear 
entirely ; the swellings of the troubled part become bigger and shorter, and the space which sepa- 
rates them is greater. 

To retiun to the commencement of the jet, to the contracted vein properly so called, the conoid 
A B 6 a. Fig. 4002. Attempts have been made to determine its respective dimensions, and par- 
ticularly the ratio between the diameters of the two bases, by direct measurements. Newton, who 
observed the phenomenon of contraction and its effects on tne discharge, and first attempted such 
an admeasurement ; he concluded that the ratio of the section of the orifice to the contracted section 

was that of V2 to 1, and consequently that of the diameter was as 1 to 0*841 ; but we believe 

that theoretical considerations, rather than a physical measurement, led him to adopt that result 
Since then, several philosophers have made like measurements ; thus A B being 1 ; Poleni found 
for ah 0-79; Borda, 0*804; Michelotti, 0*792; Boasut, from -812 to '817; Eytelwem, *80; 
Venturi, -798; finally, Brunaci, -78. Nearly all these numbers, whose mean term is * 80, are very 
probably a little too large ; they were found by measurements taken with callipers ; if dosed too 
much, the points were thrust into the body of the stream and the disturbance indicated it; but if 
too much open, the eye could not exactly appreciate how much it was so ; hence an error in exoeas 
might be made, but not one in deficiency. 

Michelotti the younger took up this question, which had already been treated by his ftither. 
Large jets obtained under great heads, gave him the following results. 
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Head above the 
Orlfioe in feet. 



6-890 
12 008 

7-349 
12-502 
22-179 



Oiameter in inches. 



At the Orifloe. 



6-894 
6-894 
8- 197 
8197- 
8-197 



At the 
ContraotioD. 



Ratio between 
DiameiezB. 



Distance from 

OriBoeto 

Oontncti<n, In 

inches. 



5 
5 
2 
2 
2 



047 
039 
511 
504 
413 



0-790 
0-788 
0-786 
0-783 
0-755 



2-520 
2-520 
1-260 
1-210 
1-181 



Ratio of the 

Dintanceto the 

Contracted 

Diameter. 



501 
0-500 
0-500 
0-492 
0-497 



Abstracting the last number 0-755, which is entirely anomalons, the mean ratio between the 
two diameters is 0-787. From what has been said, we think it may be adopted, but only as a mean 
term ; for, as we shall soon see, this ratio experiences variations, slight, to be sure, which depend 
L the neads and the diameters of the orifices. The length of the contracted vein should be 



upon 



aoont half the diameter of the smallest section, or 0-39 of the diameter of the orifice. According 
to these experiments, the three principal dimensions, A B, a 6, and C D, Fig. 4002, of the contracted 
vein would be respectively as the numbers 100, 79, and 39. 

Eytelwein, chiefly increasing the last dimension, one very difficult to determine with accuracy, 
takes the numbers 10, 8, and 5 .- this ratio is quite generally admitted. As to the curves A a and 
B 6, Miohelotti refers them to a cycloid. In conclusion, the form of the fluid vein, at its passage 
from a circular orifice, has some resemblance to the bell-shaped end of a hunting horn. 

The ratio between the diameters being 0-787, that between tlie sections will be the square of 
0-787, or 0-619 ; thus, if s is the section of the contracted vein and 8 that of the orifice, we shall 

have 8 = 0-619 8. From the explanations made, p. 1889, the discharge will be s fj2qIL or 

0*6198 V2 g H. 8o that m, or the coefficient of oon traction given by phvsical measurements of the 
vein, will be at a mean 0-619; and the measurements of the discharge indicate nearly the same. 

If the velocity due to the head of the reservoir were reallv the vSocity at the passage of the con- 
tracted section, and the fiowing were produced through a tube which had exactly the form of the 
contracted vein, by introducing into the expression of the discharge the exterior orifice of that 
tube or at, the calculated discharge would be equal to the real discharge, and the coefficient for 
reducing one to the other would be 1. Michelotti, in one of his experiments, by employing a 
cycloidal tube, found it 0-984 ; it is probable that it would have come up to 1, if the sides of the 
tube had been more exactly bent to the curvature of the fluid vein ; and if the resistance of 
the sides, as well as that of the air, had not slightly retarded the motion. 

Orifices, whose perimeter is a polygon, or any figure other than a circle, do not present a form 
so simple, or leading to the same consequences. 

The different pfurts of the orifices not being symmetrical, the fluid vein does not preserve the 
form which it had on coming out, and it changes from it continually as it removes from it. At its 
exit, the faces corresponding to the rectilinear sides of the 
orifice become more and more concave ; the edges corresponding 
to the angles become truncated and terminate by disappearing. 
Thus Poncelet and Lesbros, having drawn, by aid of very exact 
means, the form of a vein which passed from a square orifice 
A C E G, Fig. 4003, whose sides were 7| in. under a head of 
5} ft., had, at the distance of 5-9 in. from the orifice, the sec- 
tion aceg ,- and at 11 *81 in., the section 6' d' f h\ 

This last, one of the nine sections observed, was the smallest ; 
its area was to that of the orifice in the ratio of - 562 to 1, whilst 
that of the actual discharge to the theoretic discharge was 
found to be 0-605 ; they would have been equal, if the velocity 
of that smallest section had been due to the head of the reservoir. 

Although the fluid particles at h' <f (f , &c., on this section. 
Fig. 4003, are those which came out at the points BCD, &c., of 
the orifice, and in removing from the reservoir have always re- 
mained on the line of intersection of the vein with the planes passing through its axis and those 
points respectively, it is nevertheless true that the section 6' (f'/ h* is a kind of square, the vertex of 
whose angles corresponds to the middle of the sides of the square of the orifice ; and that the vein 
appears to have maae an eighth of a revolution round its axis. A phenomenon of this nature is 
produced on all the veins which come out of an orifice not circular ; 
it is called the reversing of the vein. 

The orifice was a regular pentagon A, Fig. 4004, of 551 in. each 
side, made in a thin vertical plate of copper (the figure representing it, 
with its accessories, is onenjuarter of the natuml size) ; the fiowing 
took place under a head of 6 -463 ft At the distance of 0- 472 in., the 
section perpendicular to the axis of the vein was a quite regular de- 
cagon. At 1 - 181 in. was the greatest contraction or first knot. Beyond, 
the vein entirely changed its form ; it presented five fluid plates, dis- 
posed symmetrically^ around the axis, as is seen in the section B, made 
8-74 in. from the orifice ; the planes of the blades passed through the 
centres of the sides of the orifice. Their breadth continued to increase 
up to the belly of the vein represented at G. Then it diminished, and the blades united anew In 
a seoomd knotf at 2 ft. 10 in. from the orifice. Beyond, the vein was twisted and irregular. 
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For the rectilinear pentagon of the orifice were Bncoessiyely fiubstitated pentagooB with eoxxver 
and concave sides, sides presenting salient and re-entering angles like the star D, and the rein, 
always preserves the same form, the same five blades. 

With orifices of six and eight sides, we had six and eight blades ; and the reversing of the vein 
was a twelfth and sixteenth of the circumference. When the opening was a rectangle, narrow, 
and very long in the horizontal direction, at a certain distance, the vein consisted only of a broad 
vertical blade ; the reversing seemed complete. 

Often, beyond the second knot, the vein dilates again and divides a second time into the same 
number of blades ; but their plane does not correspond to the middle of the sides of the orifice, but 
to the vertex of the angles ; that is to say, the vein is again turned an equal quantity, or rather it 
returns to its place. The blades increase in breadth up to the second belly, and diminish again to form 
a third knot, beyond which sometimes there is still a new dilation, a third belly and a fourth knot. 

Orifices m Thin Partitions. — We now come to the direct determination of the coefficient of 
reduction, fh>m the theoretic to the actual discharge. 

And we will measure with care the volume of water passing from a given orifice, under a 
constant head, and during a certain time ; and we shall derive from it the product of the flow in 
one second or the actual discharge ; we will divide it by the theoretic discharge corresponding to 
that orifice and to that head, and the quotient will be the coefficient sought. 

Many hydraulic engineers have applied themselves to this investigation ; D'Aubuisson gives, 
in the following Table, the principal results obtained up to the present time ; those which appear 
to have been made under the most favourable circumstances, or which were generally admitted. 



Glrcalar Orifloei. 


Sqture OrifioH. 




Diameter 








Side of 






Obwrren. 


in 


HcMllnfeet 


Ooeffldeni. 


Obaerveri. 


noanin 
mches. 


Head In feet. 


OoefBdait 




iacfaes. 












Mariotti 


0*268 


5*873 


0*692 


Gastel .. .. 


0*394 


0*164 


0*655 


n •• 


0*268 


25*920 


0*692 


Bossut.. 


1*063 


12-500 


0*616 


Gastel .. .. 
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2*133 


0-673 


Michelotti .. 


1*063 
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0*607 


n •• •• 


0*394 


1*017 
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„ •• .. 
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0*617 


Michelotti .. 


2*126 


7*349 
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1*027 
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ft *' 


2*126 


12*566 


0-603 
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1*067 


4*265 
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6-378 


12*008 


0-619 


Inches. 


inches. 








0*362 


0-728 


18 


0*620 










0-362 


1-457 


13 


0*620 










0*362 


2-909 


13 


0*621 










0*362 


5-818 


13 


0-626 



The most remarkable of all these experiments, as well for the great size of the jets as for the 
greatness of the head, are those which Michelotti executed in 1764, at th^ fine hydraulic establish- 
ment constructed for that purpose at about two miles from Turin ; the reservoir consisted of a 
tower 26 ft. 3 in. high, whose interior, which is a square of 3 * 182 ft a side, receives through a canal 
the waters of the Boire. On one of the faces were fitted, at the different heights, the orifices or 
tubes which were thought proper ; arrangements were made to receive them, and on the ground, 
which is at the base, were several measurmg basins. These experiments were repeated in 1784 by 
Michelotti the younger, and they are the Ust introduced into the Table. 

The experiments just reported and those made by other authors have shown that the coefficient 
of contraction is generalljr greater for small orifices and small heads ; hoi they furnished only 
vague and almost contradictory notions in this respect. It would have been impossible to deduce 
firom them the series of coefficients from great orifices to the smallest, and from great heads to the 
smallest ; this deficiency has recently been supplied by MM. Poncelet and Lesbros. They made, 
in 1826 and 1827, at Metz, a series of experiments on a very great scale, and with care and means 
which had not before been employed. 

They appear to have nearly solved the ereat and useful problem of the contraction of the vein 
in a thm partition, perhaps as nearly as the nature of the subject admits; and in a manner, if 
not entirely theoretical, at least very suitable to applications. 

In these experiments the orifices were rectangular, and all of 0"* 2 :? 7*874 in. base; the 
heights werw successively 7*874 in., 3*937 in., 1*968 in., 1*18 in,, 0*787 in., 0*894 in,; the heads 
yariedfrom0*394in. to 5'577ft. For each of these orifices the discharge was measured with several 
repetitions, under seven or ten heads, of which the two extremes were tsJcen, the one nearly as small 
and the other as large as the apparatus allowed ; and the oorrespoDding coefficients were calculated. 
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Taking, then, the heads for abaoiaaas and their ooefBcienta for ordinatea, the cnnre relating to 
that orifice was traced ; and by ita aid they determined the ordinates or coefficients intermediate 
to thoee directly given by experiment. In this manner the anthers were enabled to anange a large 
table of coefficients for each orifice, from which we extract the following ; — 
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0-626 


0-640 
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0-609 


0*628 


0-638* 
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654 
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0-664 
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7-874 


0-592 
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0-632 


0-634 
0-632 
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2-297 


0-604 
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0-629 
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0-688 


8-281 


0-605 


0-615 


0-627 


0-627 





632 


0-627 


4-265 


0-604 


0-618 


0-623 


0-623 
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0-621 


5-250 


0-602 


0-611 


0-619 


0-619 





618 


0-616 


6-582 


0-601 


0-607 


0-613 


0-613 





'615 


0-618 


9 843 


0-601 


0-603 


0-606 


0-607 


0-608 


0-609 



All the numbers in this Table are the respective valnes of m in the formula Q = m S V2y H. 
But those which in each column are found above the transverse line, are not the true ooefflcienta 
of reduction from the theoretic to the actual discharge, as we shall presently see. 

Glancing over the numbers of each column, we see that they increase as the head increases, but 
only up to a certain point, beyond which they diminish, although the head still augments. How- 
ever, in small orifices, thoee below 1*181 in., the increasing part of the series is very limited ; and 
even in very small ones it is nothing. We see also that the terms of the decreasing part of all the 
aeries approach equality in proportion as the head increases in value. 

Although the coefficients in the Table above are deduced from experiments made on rectangular 
orifices, they may serve for all others, whatever be their form ; the height of the rectangle noted in 
the Table will express the smallest dimension of the orifice which should be used. For it is gene- 
rally admitted that the discharge is entirely independent of the figure of the orifice, and that it 
always remains the same, while the area of the opening is unchanged; always provided, in 
acooraance with an observation made by M. Hachette, that this figure presents no re-entrant angles. 

Although some of the orifices on which Poncelet and Lesbros maae their experiments are very 
large, still there are those which discharge twenty or thirty times as much water; such are the 
openings of sluice-^tes in canals of navigation, and it was important to establish directly the 
coefficient of their discharge. In 1782 Lespinaase, a skilful engineer, made for this purpose several 
experiments on the canal of Languedoo, to which, ten years after. Pin, engineer of the same canal, 
added some others. The principal results of these, like the former, are placed in the following 
Table. The breadth of the opening is nearly 4*265 ft.; the form not bemg exactly a rectangle, 
the heights are to be regarded as only approximate. 
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128*764 


647 






6-723 


1*575 


6*894 


83*948 
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6*480 


85*219 


•621 
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625 





1894 
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This mean coefficient, exactly equal to that obtained from an experiment made on a ilnioe of 
the basin of Havre, is a little greater than that indicated by the table of M. Poncelet, p. 1893; pio- 
bablv the cause of it is, that on all the perimeter of the opening, the flowing did not oocor as in 
a thin side, and that on some point the contraction was suppressed. It may be remarked on this 
subject that the woodwork which surrounded this orifice was 0"'27 = -886 ft. thick, and even 0** 54 
= 1*772 ft. thick on the lower edge. Also, when the gate was raised only a small quantity, the 
contraction ceased on the four sides, and the coefficient increased considerably. For example,' 
Lespinasse having raised the gate only 0"*12 = *394 ft., had for a coefficient *803, while with. 
1*509 ft. opening, he had a coefficient of only *641. 

The experiments of this engineer presented a very remarkable fact, of which no mention waa 
made, and which reappeared in those of Pin. A sluice-gate had two parts, and each had an open- 
ing in it : i^ while the water was flowing through one, the second was 
opened, the discharge of the first was diminished ; if both were opened to- 
gether, the discharge was not double of the two taken separately, although 
each had the same area and head. The difflarence is about one-eighth, as 
may be seen by the annexed comparison of the coefficients of reduction 
for the two cases. 

The interval between the two openings is 2**92 = 9*58 ft., and their 
plane forms an angle of 60° with the direction of the canal. 

But it is very worthy of remark that this fact, which appeared posi- 
tive for the sluices of the canals, did not take place at all m a series of 
experiments which M. Castel and D'Aubuisson de Yoisins made on a 
small scale, but with very great care, for the purpose of verifying it. They 
had, side by side, three rectangular orifices of *328 ft. by '033 height, 
and separated by an interval of only *033 ft. They measured the water 
passing the middle orifice first, keeping the two side orifices dosed, 
then opening one and finally opening both ; the mean results are given in the following Table ; — 



Ooeffldent 


WithODA 

opening. 


With two 
openings. 


0*641 
0-689 
0*616 
0-594 
0*621 


0-550 
0-555 
0-554 
0*526 
0-555 


0-620 


0*548 



Head on the 
Orifice. 



feet 
0656 
-0984 
1312 
•1640 
1969 



Diflcfaaige from Middle Orifice. 



Middle Orifice 
alone open. 



cable feet. 
01607 
•01946 
-02242 
-02497 
•02723 



Middle Orifice, 

with 1 Lateral 

Orifice, open. 



cubic feet. 
•01606 
-01946 

02246 
•02497 

02716 



Middle Orifice, 

with the 2 Lateral 

Orifices, open. 



cubic feet. 
•01614 
•01942 
•02250 



Ooeffldent 



0-728 
0-720 
0-719 
0*715 
0*710 



Supposing that these unexpected coefficients might have been influenced by the very small 
interval from one orifice to the other, we increased the interval fivefold; that is, from '394 in. to 
1 *968 in., and the coefficients remained the same. 

Surprised at the difierence between these results and those found on the canal of Languedoo. and 
fearing that it arose from the particular form of the orifices and apparatus, D'Aubuisson requested 
M. Castel to make new experiments ; and in 1836 he had the kindness to perform a series, by the 
aid of the great apparatus which he had just been using for his ^reat work on Weirs. He dammed 
up a canal 0"'74 = 2*428 ft. broad, with a thin copper plate, m which he opened, on the same 
horizontal strip, three rectangular orifices, each 3*94 in. wide by 2*36 in. high, and separated horn 
each other by an interval of 3*15 in. The flowing took place under a constant head of 4*218 in. 
above their centre, and the coefficients of contiaction were as follows ; — 



One orifice open 



• • « . 



for the middle 
„ right.. 



• • . • 



yi 



left 



Two orifices open . . 
The three orifices all open 



the two outsides . . 
middle and right .. 
left 



• • 



n 



»» 



• • • • 



'6198 
•6193 
6194 

6205 
•6205 
•6207 

•6230 



Here, in proportion as the orifices were open, instead of a diminution in the coefficients, there 
was an increase, verv small, to be sure. As it depended on a particular cause, a greater velocity 
of water in the canal, in consequence of a greater discharge, we shall make deduction of that, and 
conclude that, when in the dam^ of a reservoir or course of water new orifices are opened by the 
side of an orifice already existing, the discharge through that orifice is not diminished by it. 
Some persons thought that such a consequence would not extend to the case when two orifices 
were situated in planes making a certain angle, as in the openings of the sluice-gates. M. Castol 
solved this question. He took two plates joined at an angle of 120° (that of sluice-gates is gene- 
rally from IQP to 20"^ more open) ; in each he made two rectangular orifices of 3^94 in. wide by 
2*36 in. high; one 4*72 in. and the other 11-02 in. distant from the angle that joined them ; he 
fitted this partition to the extremity of his canal, and let the water flow under a head of 0"-14 
= 5*51 in. He first opened successively each of the four orifices; then two at a time diffexently 
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No.Orifloes. 


Goeffldent 


1 
2 
8 

4 


•618 
•619 
•620 
•622 



Head. 


KaOrifloe. | OoeffldeDt. 


3-379 ft. 
6-698 ft 


11 


•621 
•622 
•619 
•621 



combined ; then three differently combined, and finally four. The following Ttible presents the 
mean results obtained. 

That given in the second line was obtained by the two extreme 
orifices, which were disposed like those of the sloice of the canal of 
Languedoc As a last objection, it was said that the heads at the sloice 
of the canal of Languedoc were from 2" = 6} ft. to 4" = 13 ft. To ' 
obtain an analogous case, M. Gastel adapted to the experimental appa- 
ratus two orifices of 1 - 97 in. wide by 1 * 18 in. high, and had the restdts 
which we give, p. 1902. 

It is always the same coefficient, with the insignificant 
increase due to the number of orifices open. 

These experiments, often repeated, with apparatus free 
from every exceptionable circumstance, and where any sen- 
sible error was impossible, by the most accurate and con- 
scientious observer, induced D'Aubuisson de Yoisins, if not 
to call in doubt the facts previously announced, at least to 
regs^ them as anomalous, and to reject the general conse- 
quence which may be drawn from them. 

In the different cases hitherto investigated, it is admitted that the fluid of the reservoir arrives 
equally at all parts of the orifice, but often it is not so ; for example, when the orifice is at the 
bottom of a vertical side, and its lower edge is in the plane of the bottom of the reservoir, the con- 
traction is then destroyed on that side, and consequently the discharge is greater. What will be 
the increase in discharge for a certain len^ of suppression in the contraction ? This question has 
been nearly solved by M. Bidone, by the aid of numerous experiments made for that purpose at the 
water-worss of Turin. 

The orifices were made in thin vertical copper plates ; on their interior surface were fixed, 
perpendicular to their plane, small plates, on a level with certain sides of the orifice ; as it were, 
the prolonging of these sides into the interior of the reservoir. During the fiowing, the water 
funning along the plates passed through the adjacent sides without any contraction, while a con- 
traction occurred on the other sides. The form and size of these orifices were various. We shall 
limit ourselves to giving the results of experiments with a rectangular orifice of O^'OM = 2^ in. 
base and 1*06 in. in height ; the plates adapted to them, sometimes on one side and sometimes on 
two or three, were 2*638 in. long ; they thus extended that length into the reservoir. Thefiowing 
having been produced under heads varying from 6*562 ft to 22*578 ft., we have the following 
ooefiOoients ; — 







PkrtofOrtfloe 


• 








The cootndkm being inpprmed on 


wltboat 
oontnclioo. 


Goeffldent 


Batio. 






Neither mde 





•608 


1-000 






A small „ 


X 


•620 


1020 






A great „ 


f 


•637 


1*049 








^ 


•659 


1085 






Two small and one great 


i 


•680 


1-112 






Two groat and one small 


i 


•692 


1189 





M. Bidone, taking the mean result of all the experiments made on rectangular orifices, admits 
for the numbers of the last column, which indicates the increase of the coefficient and consequently 
of the discharge, that for* the orifice entirely free being taken for unity, the general expression 

1 + 0*152 — , in which n represents the length of the part of the perimeter when the contraction 

is suppressed, and p the length of the whole perimeter. The greatest error which this formula 
gave M. Bidone being only -^t we may adopt for the value of the discharge in rectangular orifices 

when there is no contraction on a part of the perimeter, m S ^2gH, ( 1 -f 0* 152 - j 

The same author also made experiments on circular orifices. He took one of 1 * ^75 in. diameter, 
and by the aid of curved cylindrical plates he destroyed the contraction, first, on an eighth of the 
circumference ; then successively on 2, 3, 4, 5, 6, and 7 ei| 
in the following Table ; — 



eighths. We indicate the results obtained 





n 


Ooeffldent 


Ratio. 


n 


Goeffldent 


Batio. 






P 






P 













0*597 


1000 


i ' 


0*639 


1072 






i 


0*603 


1011 


t 


0-649 


1*087 






t 


0*615 


1*032 


t 


0-664 


1112 






1 


0*625 


1048 


i 


0*670 


1128 





We see here that the numbers of the last colunm increase a little less rapidly than in the case 
of the rectangular oriflcee, so that the general expression from these numbers would be only 

1 + 0128-. 
P 



iWVtsAnLIOS. 



L« drenlu Mifloe, wished (o auenut. 
oylindriealtubeof 0"M = 1-575 in. 
le teaeniAii he had 0-767 fivr tha 
it oolunm. The eipreMion abore 
■a luunsw) u iu)t evsD half of that really obtained. 
■jowiDg through JDtetior tubea, the caae wbero tha 
yf the exterior oriflce, ia no longer of the Mune kind 
nprer gieat that part ma; be; there ia no painag 

fe the orlfloeB were, to be plane, bat tbej may be of 



am 

"""ill 



%. 4005, of a radina equal to that of the aphere c€ 
i gi Jof the Teaael, it would be traTersed at each of ita 
S^, by the arriving lines,- the more eit^ided the 
H-ootiona, and the more opposed to etLCb other ; sod 
Hkroyed at the oriQr?e, and the Itta oonridetable tha 
^le sorhee of a hemisphere. Fig. lOOI, and is found 
Hiiaoharge jnet given. But if it is disposed in tha 
JBls the interior of the Teasel, then the cap ia smaller 
-w »ir:jr?M J— M.T^u »:■■ M-^^WiMBactlj following the ratio of the spherical larface. 
■CO ^JSiU&i^»i4^!^W^'S^^ i» leas; it will be smaller stiU in the (iaaa 

^i^St^tiS j^fi: 

£sesi.%c^sl 



>.g&tj' 





_ entrance of the tube with a large border, thus 
Into the same oircuiustances sa when it ia perfo- 

it was raised to - 625. He might have obtained 

very thick aides. 



iS'^9>Ehu-p edges, the fluid winding round the exterior 
'' ^.test of the xolie. Fig.lOOti,ii; BO that eTerypwtof 

s^SiMthout effeet, and the flowing would take place aa 

;ihUila?^^ill be its diajneler; that ia to say, the exterior 
l!dil£Sd into calcul&tiona relatiDg to interior tubes. By 
iTi*Miii1*i lliiil the aotioD of the lein runniog in tlie tubes 
•^tS-^lf 'lis aeclion of the tube, and that the coofflcient 

1JiSAM3£^*coeffloient8 of oontraction; limita which ma; be 
i|^i^^liSf»Ded. For oriSces in a plane aide, the; seldom 
.gLuM^ggpiordinarypreclicc. they are confined between '60 
[li^Qally taken, and we hare, 

5^=2-75 8VH =216<pVH: ot, 
4-974eVH = 3-9066d»VH, 

l^flcea in a thin aide, aa we have admitted eiaotl j 
We wUl examine it. 

ins from an orifloe, by the height to whieh a 

at least •/2s iS, A being that height. Now, 

||4iffera from H only 1, 2, S, ko,, hundredths of the 

"* &e. ; and the vclooities being aa the square roots 

' s nme oases only 1, 2, 3, ftc, half-hnndredthaof 

the actual velocity indicatee atUl lesr "^ — -" 
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When a body is thiown in any direction A T, Fig. 4007, with a certain Telocity, by the oom« 
bined infinenoe of that velocity and of gravity, it desoribes a cnrve A M B. 

We have already referred to the theoretioal d^cultiee con- 
nected with this curve A M B ; hence it is nnneoessary to dwell 
upon this matter here. In the present article we confine ourselves 
to what concerns the fundamental principle which we employ; 
and treat of that parobola which coincides most nearly with 
the curve A MB, Fig. 4007. See Damiono, p. 1126, and 

GUNNEBT. 

Let 9 be the velocity with which a body is impelled along 
A T, and i the time spent in arriving at N, in this direction, ff 
the force of projection acted alone upon it ; the motion would 
then have been uniform, and we should have had AN = o t; on 
the other hand, had the bodv been subjected to the action of 
gravity alone, it would have descended from A to P during the 



same time, so that we should have had A P = -^ . 



Draw the 




parallelogram A PMN; at the end of the same time it really will arrive at M, and will have 
described the arc A M ; A P will be its abscissa, and M P, parallel to the axis A Y, wil be its ordi- 



note. 



Call the first of these lines x and the second y, we shall have x = ~ and y = o #; in 
this latter equation, taking the value of t, and substituting it in the first, we have x = ^^ , or 



3^ = 



2v^x 



or, colling h the height due to the velocity r, and recollecting that =- =sA, y' = 4Ax; 

Zy 
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an equation of a parabola of which 4 A is the parameter. Hence a heavy body, impelled by any force 
of projection, describes a curve wfuoh resembles a parabola whose parameter, in the case of a jet of water, 
may be taken without tntolvinq much error, equal to four times the height due to the velocity of projection. 

What we have just said of a body in general is applicable also to every jet of water issuing 
from an orifice. If this orifice is in a vertical side, the axis of projection being horizontal, the 
ordinates wiU be horizontal; they will be the distances of 
the different points of the jet from the vertical, let down from 
the centre of the orifice ; and if through any point c of that 
verticid, we imagine a horizontal plane, the distance C D, Fig. 
4008, is called the reach of the jet on that plane. According 
to our theorem, the square of, this range, or in general of a 
distance M P, divided by four times its corresponding per- 
pendicular A P, will give the height due to the velocity 

of exit ( A = 4 ) • '^^ consequently we shall Iiave for this 

velocity, v-A/2gh-2'2l6 -^ in mHres, or 4-0113 -^ infect 

By following this mode of determination, Bossut, in two experiments, found 0-974 and 0*980 
for the ratio of the actual to the theoretic velocity. Michelotti having caused jets to issue from 
each of the three stories of the tower of his hydraulic establishment through a vertical orifice 
0-889 ft. diameter, obtained the results given in the following Table ; — 






HMd. 


Jet 


Telocity. 


Ratio. 






AlMdm^ 


lUiiffp. 


Bea 


Theoretic 






ftet. 
7-513 
12-894 
23-590 


feet 
20-615 
15-289 
4*626 


feet 
24-706 
27-724 
20-506 


feet 
21-819 
28-446 
88-289 


feet 
21-983 
28-807 
88-978 


•993 
•988 
•983 





The diiferenoe between the two velocities increases with the head. It should be so, since the 
cause of this difierence, the resistance of the air, increases as the square of the velocity, and con- 
sequently nearly as the head. 

If the water contained in the reservoir, instead of being at rest, were animated with a velocity 
which carried it towards the orifice ; for example, if the basin having a small section were fed by 
a course of water which came directly to the side on which the orifice is open, the fiuid particles 
would go out, not only in virtue of the pressure exerted by the fiuid mass above, but also m virtue 
of the velocity which they had at the moment of entering the sphere of activity of the orifice ; we 
should thus have to add to the head measuring the pressure, a new force, which will be the head 
generating that velocity. Thus, if ti represent that velocity, we shall have 



Q = mS V 2^ 



•/, 



(•-rj= 



mBV2jfA + u'. 



one 



Example.'-Thete is a basin 65-62 ft. long, 6*562 ft. broad, and 3-281 ft. depth of water; at 
extremity is a dam of plank, with a rectangular opening 1*804 ft. wide by 1*181 ft. high; its 
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Bill or lower edge is 2*966 ft. below the level at which the wftter is constaiitly kept in the Umn ; 
it iB Bupplied by a Btream arriving at the other extremity. What ia the difloharge ? 

We have S = 1-804 x 1181 = 2131 aq. ft.; A = 2-986 g- = 2396 ; m, aooording to 

the Table, p. 1893, suppofled to be prolonged, will be about 0-600 ; as to u, it will be given by one of 
the meanB to be indicated hereafter. In a great number of cases we can i^ard it as being the mean 
velocity of the water in the basin, a velocity to be det ermined as follows : the discharge Q, taken 

at first byneglecting u wUl be 0600 x 2131 V64-364 x 2396 = 15-878cub.ft. When the water 
runs in a canal, we have Q = 8 k ; dividing then the value of Q found, by the section (of the 
basin) 21 • 53, we find u = • 73748, the square of which is -54389. Putting this val ue into the general 

expression of the discharge, we have 0-600 x 2*131 ^64-364 x 2396 + '5439 = 15906 cub. ft. 
Joseph Bennett, the American translator of D'Aubmsson's work on Hydraulics, observes, that 
here D* Aubuisson's book has an error in taking the section of the orifice, instead of the section of 
the basin, and also another error in solving the example. What is here given Ib supposed to be 
what D'Aubuisson intended. 

The difference between these two results may be entirely neglected. The effect of the 
velocity u has been almost nothing ; in most cases it will be so. 

Very often the water at the exit of the orifices made in the side of a reservoir is taken and 
conducted by canals or channels, uncovered on the upper part, the bottom of which as well as the 
sides agree with the lower edge and sides of the orifice, wnioh are thus in the planes of the bottom 
and sides respectively. MM. Poncelet and Lesbroe determined, by a great number of experiments, 
the coefficients of the diaoharge for such canals, which they fitted to orifices on which they had 
already made the fine observations whose results we have recorded ; the canals varied in form, 
inclination, and position. The laat of theae philoeophera communicated to D'Aubuisson a part of 
the results given by a rectangular canal 3* = 9*843 ft. long and 0»-20 = -656 ft. broad, like all 
its orifices. The reservoir in whose side the orifices were, was 3"*-68 = 12-074 ft. broad. The 
canal was first placed at an equal distance from the two sides of the reservoir and 0"* 54 = 1 *772 ft. 
above the bottom ; it was kept horizontal ; it is canal No. 1 of the following Table. We here give 

the coefficients m of the formula m S ^2 a H, which MM. Poncelet and Lesbros obtained, and 
place them opposite those which they haa obtained previously with the same orifices, when the 
water flowed uwely into the atmosphere. 





Uewloii 
Orifloe. 


OoeffldflDt 


Height of 
OxincA. 


HeadoQ 
Orlfkse. 


OoeflkScnt. 


Helditof 
Orffioe. 


Without 
CtauL 


Wlth< 


Caua 


Wltboat 
CuuL 


WithCaiua 
















Ko. 1. 


NaX 








Ko. 1. 


NaX 


feet. 


fMt. 






1 

1 


feet. 


feet. 








•6562 


4-2850 


0-604 


0-601 


0*601 




•1542 


0*617 


0*495 


0-493 




8-1235 


0*605 


0-602 1 


0*599 




•1181 


0-612 


0*452 


0-448 




1*3124 


0*600 


0-591 


0*580 


•0984 


4*4261 


0*622 


0*622 






7940 


0-596 


0-559 


0*552 




1*5289 


0-630 


0-629 






•4003 


0-572 


0-483 


0*482 




•6792 


0-634 


0-632 




•8281 


4-4490 


0-643 


0*614 






•2658 


0-639 


0-638 






3*3040 


0*615 


0-614 






•2067 


0-640 


0-627 






1-5814 


0*617 


0-615 






•1870 


640 


610 






-5282 


0-611 


0-590 






•1214 


0-639 


0*511 


• 




•3740 


0-608 


0-562 




•0.328 


•4449 


0-620 


0*621 


0*660 




•2887 


0-602 


0-523 






3*2580 


0-627 


0*681 


0*665 




•1969 


0-590 


0-459 






1*6807 


0*643 


o-ei8 


0*671 


•1640 


4-7935 


0-621 


0-624 


0-627 




•6898 


0-655 


0-665 






3-5468 


0-627 


0-626 


0*628 




•4167 


0-664 


0-669 






1-6350 


0-631 


0-625 


0*624 




•2494 


0-671 


0-671 


0*680 




•6956 


0-634 


0*631 


0*615 




•1878 


0*684 


0-6i0 






•3478 


0-629 


0*614 


0*697 













By comparing the coefficients of the third and fourth columns, allowing for the inevitable 
errors in observation, and excepting the orifice of 0*328 ft., we see that so Ions as the heads taken 
above the centre of the orifloe were from 2 to 2| times greater than the height of that orifice, the 
canal had no marked difference in the discharge ; the discharge was the same as if no canal 
were there. But in small heads, the discharge diminished perceptibly, and as jnuch more so aa 
the head was less ; the diminution has reached a quarter, ana even more. 

This difference in great and small heads appears to proceed firom the &ot that, with the former, 
the fluid, rushing forth as into the air, is not influenced by the renstance of the sides. The 
canal, says Lesbros, has no influence, except when the head is not great enough to detach the 
fluid pet at its exit from the orifice entirely from the bottom (and sides) of this canal. 

The same canal was then placed, as is often done in practice, in such a manner that its floor 
was at the level of the bottom of the reservoir, and was, in fact, a prolonging of it. It was natural 
to suppose that the contraction being then suppressed on the lower edge of the orifloe, the 
coefficient of discharge would be greater; but generally, and the orifice of *0328 ft. still excepted, 
it was less, particularly with small heads, as was seen in the above Table, where the canal, in its 
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new posiiion, is designated by No. 2. Other ciieumstanoea, perhape the xesiatanoe of the bottom of 
the reseryoir, which may hare diminished the velocity of amva( perhaps the less facility which 
the fluid sheet had in raising itself above the sill at the entrance of the canal, will have more thao 
compensated for the diminution in the contraction. 

In withdrawing the canal from the middle of the reservoir, and placing it nearer one of the 
sides, this diminution took place in part, and a small increase in tue discharge was obtained. 
The canal was then inclined, leaving it in other lespecia in the position it last had. When the 
inclination was y^ or 84', tne coemotents were sensibly the same as when the canal was hori- 
Bontal. But when the inclination was carried to ^, or 5^ 44', the coeiBcients were increased from 
8 to 4 per cent., as seen in the following Table ; — 



Height of 
Oiillce. 



feet 

0443 

0666 

1555 

1775 



HMdoaOrlfloe. 


Coeffidenta, with tlia Canal 








HorlzontaL 


Inclined. 


fret 






11188 


•660 


•691 


11123 


•654 


•681 


-6890 


•616 


•689 


•6660 


•612 


•636 



Cylindrioal Ajutages. — ^Cylindrical ajutages, called also additional tubes, as we have seen, give a 
more considerable discharge than orifices in a thin side, the head and area of the opening remaining 
the same. But in order to produce this effect, it is necessary that the water entirely fill the mouth 
of the passage ; it is conmionly so, when the length of the tube is two or three times its diameter. 
If it is less, it often happens that the fiuid vein, which is contracted at the entrance of the tube, 
does not again increase and fill the interior ; the flowing then takes place in all respects as through 
a thin side ; this is always the case when the length of the tube is less than that of the contracted 
vein, and consequently is onl^ half, or less than half the diameter. 

The coefficient of reduction from the theoretic to the actual discharge, through an additional 
tube, presents a few variations, as may be seen in the following Table ;— 



ObMrver. 



Tube. 



Diameter. 



Length. 



Head. 



OoefBettnt 



Oostul 

„ .. .• 

n •• •• •• 

ft 

»i 

Bossut 

Eytelwein 
Bossut 

» 

Venturi !! !! !! 
Miohelotti 



„ .... 
„ .... 



feet 
•0509 
•0509 
•0509 
•0509 
•0509 
:0755 
•0755 
•0853 
•0886 
•0886 
•0886 
•1345 
•2658 
■qnare. 
•2658 
•2658 



I 



ft^^t 

•1312 

■1312 

•1312 

-1312 

•1312 

•1772 

'1772 

•2559 

•0341 

•1772 

•3543 

•4200 

•7087 

•7087 
•7087 



feft 

6562 

1-5749 

8*2478 

6-5620 

9-9414 

2 1326 

40684 

2^3623 

12-6318 

12-6975 

12-8615 

2-8873 

7*1526 

12-4678 
22 0155 



827 
829 
829 
829 
830 
788 
787 
821 
804 
804 
804 
822 
815 

803 
803 



The mean of the coefficients, abstracting the first two of Bossut, manifestly anomalous, is 
0*817 ; *82 is generally taken, and we have 

Q = *82 8 V 64-364 H = 6*5786 8 V H s= 5*1668 d* VS. 

Since the jet in a full tube runs out in Unes parallel to the axis of the orifice, and oonsequently 
its section is equal to that of the orifice, the diminution of the discharge can arise only from a 
diminution in the velocity ; and the ratio of the actual to the theoretic dischaige will also be that 
of the actual to the theoretic velocity, as is seen by the following results of three experiments 
cited in the above Table ; one of Venturi and two of M. Castel ; — 



Jet 


Velocity. 


OodHdent 


Atadaaa. 


Onllntte. 


BeaL 


Theoretie. 


OfVelodtj. 


OfDiadutfsew 


feet 
4-796 
1*791 
3*7402 


feet 
6*128 
2-208 
5*803 


feet 
11*204 
6-6175 
12037 


feet 
13*628 

7-959 
14-481 


-824 
•832 
-832 


•822 
•827 
•829 
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ThoB we mfty admit that the velooity of a jet, at its passage from a oylindrioal tabe, Is odIt 
0-82 of that due to the height of the reservoir; and the height due to the velocity of the jet wiu 
be only '67 (= *82') of that due to the height of the reservoir, since the heigats or heads are 
supposed to be as the squares of the velocities. 

in the hypothesis of the parallelism of the sections, the principle of the vis viva : that the 
quality of actu)n developed by the motive force, during a certain time, is equal to half the increase 
or diminution of the via viva duriHg that time — this principle gives for the velocity v of the water 
passing from a short prismatic tube, of which 6 is the section, and which is terminated by an 
orifice whose section a is smaller than the preceding, m and m' being the coefficient ci oontiaotioa 
for these sections respectively 



V 



2gK 



•+(t)'g-') 



and for the ease of our additional tubes oitirely open at their extremity, and eonaequflQtly 
where « = S wad m' = 1, 






If it be admitted that the contraction at the entrance of the tube is the same as in the orifl eeeina 
thin side, that is to say, if we make m= *6 2,weh ave t = 0-855V2^H andQ = *855 B V^Jh"; 

withm= -65, it would be Q = -08858 V29H. 

The fluid vein, after its contraction at the entrance of the additional tube, tends to take and 
preserve a cylindrical form, whose section would be that of the contracted vein ; and consequently 
it tends to pass out without touching the sides of the tube ; but some lines of water are carried 
towards tiie sides, either by a divergent direction, by an attractive action, or by the two causes 
united. As soon as they arrive in contact, they are strongly rotained by the molecular attraction, 
thai which produces tiie ascension of water in capillary tubes ; bv an effect of this same force they 
draw the neighbouring lines, and by degrees the whole vein, wnich then rushes out, filling the 
tube, and passes through the contracted section more rapidly. Such appears to be the physical 
cause of the increase of discharge due to tubes. 

The immediate cause is the contact ; and all the drcumstanoes which cause the contact, or 
which favour it, will produce that increase. 

Among these circumstances we will notice ; — 

1st. The length of the tube ; the longer it is, the more chances it will present for contact; then 
will be no contact when the length is less than that of the contracted vein. 

2nd. A small velocity ; the fluid lioes will then be less foroibly rotained in the direction of the 

Erimitive motion ; they will deviate and approach the sides with more facility. M. Hachette, in 
is ezperimeats made on this subject, succeeded, by augmenting the head and consequently the 
velooity, in detaching a vein from the side it was following^ On the contrary, by diminishing 
the head, allowing it, however, a head of 0' 9843 ft., ho succeeded in making the tabe more fol^ 
the length of which was 0*01968 ft, and its diameter 0* 031 17 ft. 

3rd. The affinity of the material of the tube, or rather its disposition to be more readily 
moistened. Thus, by rubbing tallow or wax on the sides, the water will not follow them as it did 
before. Hachette, by covering an iron tube with an amalgam of tin, caused mercury to run out 
with a full tube, which did not take place before the coating. The interposition of air. or its 
arrival in a tube, is sufficient to detach the fluid vein from it. Venturi, after having fltted to a 
vessel full of water, a tube of 0"" 0406 = '1332 ft. diameter and O^-OOS = -3117 ft. length, per- 
forated near the middle and quite round its perimeter, with a dozen small holes ; when the flowing 
took place, not a drop of water passed throueh these holes, nor did the water touch the sides. The 
holes were then successively stopped, and the same results continued ; but when all were dosed, 
the vein fllled the tube, and the discharge was increased in the ratio of 31 to 41. M. Hachette, on 
repeating the eiperiments and closing the holes with caution, saw the vein continue to pass out 
without touching the side, but a eJight agitation was then enough to produce oontaol^ and to 
produce a flow with the full tube. 

It is more than a century since Poleni made known the singular effects of cylindrical tubes, 
and the investigation of the cause has been a serious study with philosophera 

It was generally said, since the convergence in the direction of the fluid lines, on their arrival 
at the orifice, produces a contraction in tne fluid vein, there will 
also be a contraction at the entrance of the tube ; but in conse- | 4009. 

quence of the attractive action of the sides, the contraction will be 
less, and the discharge will consequent] v be greater. The experi- 
ments ol Venturi do not allow us to admit of such a cause pre 
ducmg a less contraction. 

fhat ingenious philosopher opened, in a thin side of a reser- 
voir, an orifice, whose diameter AB, Fig. 4009, was 0*"*0406 = 
' 1332 It. , and under a head of 0'"*88 = 2*8873 ft., he obtained 
0'"««-137 = 4-8384 cub. ft. of water in 41". To tills orifice he 
then fitted the tube A B G D, having nearly the form of the con- 
tracted vein (ho had C D = 0" 0327 ^ *1U73 ft., and A G == 0'"*025 =s -082 ft.); under the same 
head he obtained the «ame volume of water in 42". To the first tube he fitted the tube G D H G G, 
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in which GH = EF=:AB, and the duration of the flowing, all else being equal, was only 81". 
Lastly, Fig. 4010, for all this apnaratus he substituted the simple cylindncu tube A B H G of 
the same length, and also of the diameter * 1332 ft., and the flowing 
of 4-8884 cub. ft. again took pOaoe in 31". 

Thus, in this simple tube, in which everything went on as in the 
compound tube, there was or there may have been an equal con- 
traction; and the contraction which necessarily took place in the 
latter at G D is very nearly equal to that of orifices in a thin side. 
The elTect of the cylindri<»l tube, therefore, was not to lessen the 
contraction, but to pass the fluid through the contracted section G D, 
with a velocity increased in the ratio of 81 to 41. Hence alone 
the increase of dischar|pfe. 

Yenturi attributed it to an excess m the pressure of the atmo- 
sphere on the fluid suHSmo contained in the reservoir, an excess pro- 
ceeding from a vacuum tending to arise in the part of the tube where 
the greatest contraction took place. He sought to prove this opinion 
by sevcoral examples, very interesting on other accounts, but he has 
sometimes generalized the results too much. For example, because in one of them the water ceased 
to flow with full tube under the receiver of an air-pump, he concluded that the phenomena of 
additional tubes did not take place in the vacuum, and yet Hachette is certain of having pro- 
duced them there. This sinele h/oi would overthrow an hypothesis, against which other peremp- 
tory objections are also raised. 

•Among the experiments of Yenturi is one which presents, in a distinct manner, a very remark- 
able fact, which Bernoulli had already made known. To a cylindrical tube 0""0406 = -1382 ft. 
diameter and 0»* 122= -4003 ft. long; at E 0"*018 = -0591ft. from its origin, he fitted a curved 
tube of glass, the other extremity of which was plunged into a vessel la, containing coloured 
water; the flowing was caused by a head of 0»-88 = 2-8878 ft.; and the water was raised in the 
tube0»-65 = 2-1326 ft. 

In the hypothesiB of Yenturi, this elevation, joined to the head, would be the height due to the 
velocity through the contracted section, as the head alone is the height due when there is no addi- 
tional tube ; if it were so, the ratio of the velocities must be as V 2*8873 ; V 2-8878 + 2-1326. or 
as 31 to 40-9, and experiment has actually given a similar result (31 to 41). But from this fact, 

Siculiar perhaps to the case taken for example, a general principle ought not to be deduced, 
oreover, the Irue cause of the ascension of the coloured water in the tube was indicated more than 
a hundred years ago by Daniel Bernoulli. That celebrated geometrician, author of the chief part 
of the theoretical principles of the flowing of water, established the law, that the pressure which a 
fluid exerts against the sides of a tube in which it moves, is equal to the head minus the height 
due to the velocity of the motion. It is necessary to remark that in speaking of absolute pressure 
the weight of the atmosphere should be added to the htad properly so called ; thus, if K represents 
that weight, that is to say, a column of water equal in weight to that of the column of the 
barometer, H the head and o the velocity of the fluid at a determined poiut of the tube, 
K + H — -01553 0* will be the interior pressure at that point. For the exterior pressure we have 
K, as o n all t he other points. In one example, at the place of greatest contraction, where 

or=:4|V2^HandH = 2*887 ft., the interior preasuie is K +2-887 - 5-050 = K -2-163 infect, 
it is lees by 2*163 ft. than the exterior pressure; the exterior pressure will therefore prevail, and 
will cause the water to ascend 2-168 ft., and, in general, a quantity equal to its excess over the 
other. 

By neglecting K, which is found both in the value of the interior and exterior pressures, the 
interior pressure on the same point compared to the other is H — * 01553 v*; it will be negative 
whenever the height due to the velocity is greater than the head. 

Yenturi having placed the same tube 0">-054 = -177 ft. from the reservoir, the coloured water 
was not raised; the heisht due, 0"'*594 or 0-051 v* - 0*051 (0-82)*^H in metres, or -01558v> 
" -01553 (0-82)*^H in feet, was then smaller than the head 2-8878 ft. ; the interior pressure was 
positive, and consequently there was no ascension. Bennett, the tnnslator of D'Aubuisson, 
remarks ; — Should the reader flnd di£9culty as to the formation of this formula, it will vanish in 

remembering that the velocity from cylindrical pipes is but -^ of that due to the height of reservoir 

1^ 

(or a -82 tj2gBX u^<i by substituting this value in the equation H = ^-- • 

A g 

Conical Oonvergmg IStbet, — Gonfcal tubes, properly so called— that is to say, those which slightly 
converge towards the exterior of the reservoir— mcrease the discharge still more than the preceaing ; 
they afford very regular jets, and throw them to a greater distance or height. They are also 
almost exclusively employed in practice. However, their effects as to the discharge and velocity 
of projection are much more varied ; ^ey change with the angle of convergence, that is, with the 
angle which the opposite sides of the truncated cone constituting the tube, form oy their extension. 

They are, howeve^ the tubes on which we have the fewest documents. In reference to them, 
D'Aubmsson knew of only four experiments of Poleni, published at Florence in 1718, and which 
Bossut gives in his Hydiodynamique ; notwithstanding the merit of their author, and although 
made on a great scale, D^Aubuisson had very strong reasons for doubting their accuracy. Struck 
by the gap which hydraulics presents in this imp<»tant part, he projected a series of experiments 
•uiUble to flU it. -^ ' *- i~. r J r- 

There are or there may be two contractions of the fluid vein, in running through conical tubes; 
one interior, or at the entrance of the tube, which diminishes the velocity poduced by the head ; 
the other exterior, or at the exit, by which the section of the vein a litUe below the exterior mouth 
ef the orifice is smaller than the month itself. Consequently, if a is the section of the orifioe, and 



1902 



HTDEAULIG8. 



V the velooity due to the head, the real dlBoharee will be ii« y n'V = nn'SV ; n and »' being 
two ooefficientB to be found by experiment ; n is the ratio of the fluid section to the eection of the 
orifice, or the coefficient of the exterior oontraction ; n* is the ratio of the actual to the theofretie 
Telocity, or the coefficient of the velocity ; and nn' is the ratio of the actual to the theoretio disohazge, 
or the coefficient ofdiecharge. 

The siowledge of the two latter, for the different oases which may present themselTeB, is 
sometimes useful in practice, as we shall see in treating oijeta of water ; it is this utility, or rather 
necessity, of having their value, that is, of knowing the discharge and force of projection of 
different tubes, which has induced the experimenter to make researches on this subject. 

To determine properly the different coefficients in question, and above all, to fix the angle of 
convergence giving the g^reatest discharge, D'Aubuisson thought it necessary to subject many series 
of tubes to experiment ; in each, the diameter of the orifice of exit and tiie length of the tube 
remaining constantly the same ; but the diameter of the entrance, and consequently the angle of 
convergence, was gradually increased. The water flowed through each under different heads. At 
each experiment me actual discharge was determined by direct measurement, and the velocity of 
exit by the mode indicated above ; the discharge, divided by 8 Y, would give n n\ and the velocity 

divided by o (o = ^2 g H), would give n'. The series of n n' would show the discharge corre- 
sponding to each angle of convergence, and oonsec^uently the angle of greatest discha^ ; and 
tne series of n' would indicate the progression accordmg to which the velocity increased. 

The water-worln of Toulouse offered all the desirable facilities for executing such a plan. 
M. Castel, the hydraulic engineer of that city, was pleased, on the invitation of the Academy of 
Sciences, to undertake the execution. 

In 1831, with a very small apparatus, and under small heads, Castel had made a series of 
experiments, the details and results of which were published in toe Annales des Mines of 1833. 
In 1837 he resumed and considerably extended his works. 

This apparatus consisted principally of a rectangular cast-iron box 0'"*41 = 1*345 ft. long, 
1-345 ft. wide, and 0"* -82 = 2-69 ft. high ; it received at its lower part, and by means of a great 
tube, the water coming from a reservoir established more than 29-529 ft above it and kept 
constantly full; on the front face of the box is a rectangular opening, -459 ft. high by ^328 fL 
wide ; it was closed by a well-finished copper plate, to which were fitted additional tubes, in such a 
manner that their axes were horizontal. When the box was opened at top, the fluid surface could 
rise there to about '689 ft. above that axis. The upper opening is commonly surmounted with 
short tubes of •656 ft. diameter, the first of which is -984 ft. high, and the rest 1 -64 ft high, so 
that heads of about 656 ft., 1-64 ft., 3*281 ft., 4*921 ft., 6562 ft, Ac, above the tube subjected 
to experiment, could be obtained 

By means of two cooks placed, one at the entrance of the water into the box, and the other on 
the upper part of the tubes which surmount it, a perfectly constant level was obtained. 

Tne tubes which M. Oastel used were of brass, as well turned and polished as possible. He 
had two series of them ; in one. the diameter of the exit was '05086 ft. and the length about 
•1312 ft. : in the other, the diameter was 06562 ft. and th^Jength -164 ft. 

The two diameters of each were measured and re-measured with much care, but the want of an 
instrument proper, to operate accurately with such measures, did not permit of a measurement 
nearer than 0" * 00005 = 0-002 in. (rr^)i ^<^ Buoh an error might give an error of half a hundiedth 
in the discharges and coefficients. 

' M. Oastel rarely had them so large. He operated under heads of -6562 ft., 1 * 64 ft.. 3-281 ft, 
4*921 ft, 6*562 ft, and about 9-843 ft; he measured them with very great exactness. He then 
gives, as very exact, the volumes of water obtained in a certain ttn^e. 

To determine the velocities with which the water passed from the tubes, he erected, 3-74 ft. 
below their axis, a horizontal flooring, in the middle of which was a longitudinal groove '328 ft. 
broad, into which the jet passed ; its range was measured by means of a graduated rule flxed on 
the flooring and quite near. This range was the ordinate of the curve described by the jet ; 
*374 ft was its abscissa, and from these two ordiuates was deduced the velocity of projection. 
Finally, these velocities could only be taken for heads of 6-562 ft. and less; beyond that the jets 
were broken, and passed beyond the plane where they could be measured. 

The same tube, under heads which varied from 0-689 ft. to 9 '941 ft., gave discharges always 

proportional to VH, and oonsequentlv the coefficients were sensibly the same. Perhaps they 
experienced a very slight increase under the head of 9-941 ft. We here give those which were 
obtained with the pipe of each of the two series which furnished the greatest discharge. 



Tnbe of * 06085 flbot diameter 


Tabe of '0056 foot diameter. 


H^ul In ftt** 


Ooefflcient 


Head in feet. 


Coefficient 




Of Disditfge. 


Of Velocity. 


or DIacharge. 


Of Velocity. 


-7054 
1-5847 
3-2547 
4-8952 
6-5817 
9-9414 


•946 
•946 
•946 
•947 
-946 
•947 


-963 
•966 
•963 
-966 
•956 
. • 


•6923 
1-5847 
3-2646 
4-9149 
6-5782 
9-9414 


•956 
•957 
•955 
•956 
•956 
•957 


•966 
•968 
-965 
'962 
•959 

• • 



As to the coefficients of the velocity, it seemed that they would have been sensibly constant, 
were it not for the resistance of the atmosphere. But this resistance diminishing the range of the 
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j«t, and M much more so fts the head was greater, there mutt be in the oaloolated ooeffieienta % 
diminntion varying with the head, although in reality there was none in the velocity with which 
the fluid Daased out or tended to paas out We will now compare together the coefficients, both 
those of the discharge and of the velocity, obtained with the different tubes of the same series ; 
tubes which, in other respects, differed only in the angle of convergence ; for each of them the 
mean term was taken between the six or five coefficients which were given under the six or five 
heads nearly equal to those which are noted in the preceding Table. 



AJnUsi 


1 '06085 foot in diameter. 


AJnUge -OOM foot In dlamctor. 




OodBdent of 




Oocffldeot of 


▲i«le of 




An|^ of 




Cotiytirfpioot, 


DlidiiigQ. 


VeUiGttjL 


Oonvergence. 


DltctaMBe. 


y«iodty. 


O f 




0*829 


0-830 


O f 






1 36 


0-866 


0- 


866 








3 10 


0-895 


0- 


894 


2 50 


0-914 


0-906 


4 10 


0-912 


0- 


910 








5 26 


0-924 





920 


5 26 


0-930 


• 0*928 


7 52 


0-929 


0- 


931 


6 54 


0-938 


0*938 


8 58 


0*934 





942 








10 20 


0-938 





950 


10 30 


0-945 


0-953 


12 4 


0-942 





955 


12 10 


0-949 


0-957 


13 24 


0-946 





'962 


13 40 


0*956 


0-964 


14 28 


0-941 





•966 


15 2 


0-949 


0-967 


16 36 


0-938 





•971 








19 28 


0-924 





•970 


18 10 


0*939 


0-970 


21 


0-918 





•971 


• 






23 


0*913 





•974 


23 4 


0*930 


0-973 


29 58 


0-896 





•975 


33 52 


0*920 


0*979 


40 20 


0-896 





•980 








48 50 


0-847 


0-984 









It foUows, from the facts set down in these columns ;— That for the same orifice of exit, and 
under the same head, starting from 0-83 of the theoretic discharge, the actual discharge gradually 
increases, in proportion as the angle of convergence increases up to 13}° only, where the coefficient 
is 0*95. Beyond this angle it diminishes, feebly at first, as do all variables about the maximum ; 
at 20° the coefficient is again from 0*92 to 0*93. But afterwards the diminution becomes more 
and more rapid; afld the coefficient would end by being only 0*65, the coefficient of small orifices 
in a thin side, these orifices being the extreme term of converging tubes, that in which the angle 
of oonvergence has attained its greatest value, 180°. The angle of greatest discharge will then be 
horn 13° to 14°. 

What can be the reason of this ? In the conical tubes the theoretic discharge is altered by two 
causes, the attraction of the sides, which tends to augment it, and the contraction, which tends to 
diminish it, by diminishing the section of the vein a little below the exit. From the experiments 
of Yenturi it would seem uat the fiuid vein, at its entrance into a tube, preserved its natural form, 
that of a conoid of 18° to 20°; so that the nearer the angle of the tube approached such a value, 
the nearer its sides will be to the vein, at the moment when, after having experienced its greatest 
contraction, it tends to dilate, and when it is, as it were, left to their attractive action ; this action 
then being stronger, the discharge will be greater. ' But on the other hand, already at 10° of 
oonvergence, the exterior contraction begins to be sensible and to reduce the' discharge ; it has 
reduced it 5 per cent, at 18°; and after that, it will not be extraordinary that the angle of greatest 
discharge is found between these two values, about 14°. 

The tubes of '0656 ft. diameter at the exit, gave coefficients from one to two hundredths greater 
than those of the tubes of '0509 ft. An error of 0*004 in. in the estimate of the diameter of the 
first set, would afford reason, to a great extent, for that difference ; and the experimenter was 
inclined to admit a cause of that kind. The tubes of *0509 ft., examined several times, inspired 
him with more confidence. 

In following the coefficients of the velocity they are seen, again starting from the angle 0°, to 
increase like those of the disohu^ up to near the convergence of 10° ; then they increase more 
rapidly; and beyond the angle of the greatest discharge, while the others diminish, these continue 
to increase and approach their limit, 1 ; they are quite near it at the angle of 50°, and even at 40°. 
The conical tubes, bv their different convergence, form a progression of which the first term is the 
cylindrical tube, and the last is the orifice in a thin side ; their velocity of projection, increasing 
with the convergence, will therefo re va ry fro m tha t of the additional tube to that of the simple 

orifice, that is to sav, from 0*82 ij2gYL to ij2gVL 

In comparing the coefficients of the discharge with those of the velocity, or their suooesslve 
values nii'^and n\ and dividing the first by the second, we shall have the series of n, or the 
ooefllcients of the exterior contraction. From the angle 0^ to that of 10°, we have sensibly a = 1, 
and consequently there is no contraction ; notwithstanding Uie convergence of the sides, the fluid 
particles pass out very nearly parallel to the axis. But Myond 10°, contraction is manifested ; it 
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rednoea the Beotion of the vein mote and mora, end it would end by lendeting it eqnal to timi 
which peaaea from oriflcea in a thin aide^ aa ia aeen in thia Table, — 





Angle. 


It. 


Angle. 


It. 






o 




o 








8 


100 


40 


0-88 






15 


0-98 


50 


0-85 






20 


0-95 


100 


0-65 






80 


0-92 









Ezperienoe haying taught that oylindrioal tabes «ertahily produoe all their effect, aa to the 
discharge, t^hen their length equals at least 2} times their diameter ; by analogy, and for the sake 
of not oomplioating onr results with the action of the friction of the water against the sides, the 
experimenter fixed the length of conical tubes at about 2^ times the diameter of exit ; thus it was 
*1S12 ft. for those of -0509 ft. diameter, and - 164 ft for those of -0656 ft. diameter. However, to 
be able to determine the effect of their length, he nroposed for the tubes of '0509 ft. diameter, 
two other series^ in one, the common length would nave been -0984 ft., which may be regarded 
as the minimum f for the other, it would have been '8281 ft, a dimension quite common in 
practice. 

But this work is yet to be done ; still, M. Oastel has made some primary trials. For the tubes 
of '0509 ft. diameter, he took five *1148 ft long:, and, taken together, they gave as the coefficient 
of discharge, 0*938; next, with a length of -1312 ft., he had as coefficient, 936; another tube, 
-0984 ft long, gave 0*941 instead of 0-938; and one of -0787 ft indicated 0-931 instead of 0*926; 
80 that h^re the diminution of length would have a little increased the discharge. But with the 
tubes of '0650 ft.' diameter the discharge, on the contrary, was increased with the length ; 
the length passing from - 1640 ft. to 0-3281 ft., the coefficient under the angle of 11° 52' was 0*965 ; 
under ^t of W 12', 0*958; and uniler 16^ 34', 0*950. Thus the effect of the length of tubes ia 
fiu from bein^ established ; its determination demands other series of experiments. 

While waiting for more extensive experiments we will assume, for each of the tubes to be 
employed, provided extraordinary lengths are not taken, the coefficient in the above Tables oorre- 
spondmg to the angle of convergence, without fear of introducing any error of moment. 

As to very great conical tubes, or rather to pyramidal troughs^ which in mills throw the water 
on to hvdxaulio wheels, we have three valuable experiments made by the engineer Lespinasse, on 
the nulls of the canal of Lianguedoo. The troughs there are truncated rectangular pyramids, 
having a length of 9*5904 ft.; at the greater base, 2*3984 ft by 3*199 ft; at the lesser base, 
•4429 ft by '6284 ft. The opposite faces make angles of IP 38' and 15'' 18'. The head was 
9*5904 ft. 

The first two of the three experiments, the results of which are here given, were made on a 
mill of two stones, each having its wheel ; in the first experiment the 
water was let on to only a single wheel ; in the second it was let on to 
two at a time. 

We see how little such tubes diminish the discharge; the dis- 
charge given is only one or two hundredths less than the theoretic 
discharge. 

Conical Diverging l\ibea, — Of all tubes, those which give the greatest 
discharge are truncated cones, fitted to a reservoir by their smaller base, 
and of which the opening for exit is consequently greater than that of 
entrance. Although verv little used, they present phenomena of too 
much interest to be passed by. 

Their property of increasing the discharge was known to the ancient Romans ; some of the 
citizens, to whom was granted a certain quantity of water from the public reservoirs, found by the 
employment of these tubes, means of increasing the product of their grant ; and the fraud became 
such, that a law prohibited their use ; at IcttS, they could not be placed within 52) ft. from the' 
reservoir. 

Bernoulli had studied and subjected to calculation their effects ; in one of his experiments 
he found the real velocity at the entrance of the tube greater than the theoretic velocity, in 
the ratio of 100 to 108; but to Yenturi is principaUy due our knowledge of the products they 
can give. • 

'The tubes which he used had a mouth-piece A B C D, Fig. 4011, presenting nearly the form of 
the contracted vein; AB= -1332ft., and CD 
= -1109 ft.; the body of the tube C DFE- varied 
in length and flare, the flare being measured by 

id 



the angle comprised between the sides EG anc 
FD sufficiently prolonged. These tubes were 
fitted to a reservoir kept constantly full of water; 
the flowing took place under a constant head of 
2 '8873 ft., and the time necessary to flll a vessel of 
4 '8384 cub. ft. was counted as in the experiments 
of the same author which we have already men- 
tioned. 

B'Aubnisson gives, in the following Table, the result of the principal obaervationf, after having 
remarked that the time oorreqxmding to the theoretic velocity was 2a"* 49. 



DfeduoflBi 


OoeffldenL 


CDbfcfeet 
6-7667 
6-6926 
6-7138 


0-987 
0*976 
0*979 



4011. 
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JUDta«e. 


Time of 
Kooning. 


Ooeffldent 


ObierTsUionB. 


FLue. 


Length. 


O ' 

8 30 
4 38 
4 38 

4 38 

5 44 
5 44 

10 16 
10 16 
14 14 


feet 

•3642 

1-0959 

1-5093 

1-5093 

•5775 

•1936 

•8662 

•1476 

•1476 


27"6 

21 

21 

19 

25 

31 

28 

28 

42 


0-93 
1-21 
1-21 
1-34 
1-02 
0-82 
0-91 
0-91 
0-61 


Jet Tory irregnkr. 

Jet did not fill the aintage. 

To fill ajatage a projectiug body Introdnoed. 

Exit mouth — that of entrance. 

Jet did not fill ajatage. 

Jet very regular. 

Jet detiiched &om ndes. 
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Yenturi oondnded from his experimenta, that the tube of the greatest discharge ought to have 
a length nine times the diameter of the smaller baae, and a flare of 5° 6' ; Fig. 4011 represents it; 
it would giye, adds the author, a discharge 2*4 times greater than the orifloe in a thin side, and 
1*46 times greater than the theoretic discharge. Moreover, he obserres, that the dimensions of 
the tube should vary with the head. 

To one of the above-mentioned tubes, that which gave 4*8384 cub. fi in 25", he fitted three 
tubes, and plunged them into a small bucket filled with mercury ; the first at the origin D, 
Fig. 4012, of the tube ; the second at one-third of its length, and the third at two-thirds. The 
merourv was raised respectively -3937 ft., - 1509 ft., and -0518 ft. ; this 
would be equivalent to columns of water 5 -348 ft., 2*067 ft., and 
'7054ft. According to the theory of Bernoulli, the p ressure at the 

point of greatest contraction D, where the velocity is |f ij%g x 2-8873 
ought to have been 2-8873 - 2-8873 (|t)' = -5-2618 ft.; the expe- 
riment of Venturi gave — 5-348 ft. 

Eytelwein also used diverging tubes in experiments, the results of 
which are directly interesting in practice. He took a series of cvlin- 
drical tubes '0853 ft. diameter, and of different lengths, which he 
successively fitted to a vessel full of water: at first separate; then 
applying to the front extremity the mouth-pioje M, which had nearly 
the rorm of the contracted vein ; then applying to the other extremity 
the tube M, Fig. 4018, of the form recommended by Yenturi ; lastly, 
applying at the same time the mouth-piece and the tube. 

The fiowing took place under a mean head of 2*3642 ft. 
The principal results obtained are given in the following 
Table. 

Here the head was not constant. At each experiment 
the vessel was filled up to 3*0841 ft. above the orifice, and 
the fiuid was sufferea to fall until the surface was only 
1 '7389 ft. above the orifice ; the constant head, which would 
have given the same discharge in the same time, would 
have been 2 - 3642 ft. Let, generally, H' be that constant head ; H the head of the reservoir at the 

commencement of the flowing, and A that at the end, we shall have H' = | --^i^ -=r | • 

\2(VH-VA)/ 

The occasion to make use of this formula will be presented quite often in practice. 




4013. 




Length off Tobe. 



ffCt 

0033 
0853 
•2559 
0302 
0605 



30907 



4 
5 



1176 
1479 



Ojefflclent of dlachiufge of the 
tobe, only eooording to 



Ezperlnienti 














62 
62 
82 
77 
73 
68 
63 
60 



FonnolAof 
OonduKa. 



0*99 
0*97 
0*95 
0*86 
0*77 
0*70 
0-65 
0*61 



DIecharge of the tobe akM 
being 1, Dtocherge 



With Mooth- 
picoe. 



1 
1 
1 
1 
1 
1 
1 



56 
15 
-13 
10 
-09 
09 
08 



WtthAJoti«e. 



1 
1 
1 
1 
1 
1 



-35 
27 
24 
23 
21 
17 



These experiments show ; 

1st The rate according to which the length of the tubes diminishes the disoharge ; and this, 
up to a point where the formula for the motion of water in conduit pipes may be applied. The 
numbers of the third column indicate that this application can take place for small tubes, those 
under *0984 ft. diameter, when their lens:th exceeds 6*562 ft. These experiments thus in part fill 
up the void which existed in our knowledge of additional tubes and conduit pipes. 

6 r 
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2nd. That the increase of the discharge proceeding from the flare given to the month of entranoe 
of pipeSf diminishes in proportion as their length is greater. It were desirable that these experi- 
ments had been carried further, for the purpose of Knowing what would haye been the ranut of 
this diminution in large conduits ; until this is done, and however small may be the good effec9l 
of the flaring at the entrance, it is proper not to neglect it. 

3rd. The effect of the flaring at the exit also diminishes in a ratio more rapid still, in proper- 
t'on as the pipes increase in length. Eytelwein having taken one 20 '6 ft. long and of '0853 ft. 
diameter throughout, found no difference in the discharge, whether he did or did not use the tube 
with flaring end. 

On fitting this tube immediately to the reservoir, the discharge was 1*18, the theoretic dis- 
charge being 1. On fitting it to the mouth-piece, but without the intermediate tube, it rose up to 
1*55. The mouth-piece alone gave only 0'92; so that the effect of the tube N added to the 
month-piece M, was to augment the discharge in the ratio of 0*92 to 1 '55, or of I to 1 * 69. 

Yenturi had that of 19" to 42", or 1 to 2*21. In the two experiments which furnished the 
terms of this last ratio, the velocities of the water at the passage through the section G D, Fig. 4011, 
were therefore as 1 to 2*21 ; and consequently the heights due as 1 to 4 '89, since they fol£>w the 
ratio of the squares of the velocities. 

In the experiment which gave the term 1, that where the mouth-piece M alone was used, the 
actual velocity, which was obtained by dividing the discharge by the section, was 11*9297 ft.; it 
corresponds to a generating head of 2*2114 ft. The head corresponding to the velocity in the 
second experiment will then be 2*2114 m 4*89 = 10 '8137 ft. ; whence it follows that the discharge 
was equal to what would have occurred if, instead of adding the tube N to the mouth-piece M, 
the water had been raised in the reservoir, above the level which it had during the flowing; 
10*8137 — 2*2114 = 8-6023 ft. Thus the accelerating effect of the velocity due to the diverging 
tube is measured by a column of water 8*6023 ft. ; this is more than a quarter of the weight of the 
atmosphere. This is a very considerable effect for a force which seems quite small ; for we see no 
other physical cause of the augmentation in the discharge produced by the tube, than the action 
of the sides, and, in short, the molecular attraction. 

On Flovnng under very Smali Heads, — ^When the head over the centre of the orifice is very small 
compared to the height (vertical dimension) of that orifice, the mean velocity of the different lines 
of the fluid vein, that is to say, the velocity which, being multiplied by the area of the oriflce, gives 
the discharge, is no*longer that of the central line. It diffen from the velocity of the central line 
as much more as the h^ud is smaller ; it will be about a hundredth less if the head is equal to the 
height, and a thousandth less if the head is three times (3*2) greater than the height. Let us see 
what theory t^ches us in this respect ; and first, the law which it indicates for tiie velocity of the 
fluid lines, in proportion as the point from which they issue is lower than tiie level of the 
reservoir. 

Let a vessel be filled with water up to A, Fig. 4014 ; upon its face A B, which we will enppoae 
vertical for greater simplicity, imagine below each other, a series of small holes, of which B will 
be the lowest. Designate by H the height A B ; the velocity of the 4014. 

line passing out at B will be V 2^ H ; and if B G be made equal to 
that quantity, it will represent that velocity. For every other point P, 
below the level of the reservoir, the distance A P or ar, the line P M, 
which would represent the velocity of the fiuid at its exit from that 

point, would be J *lgx^ and calling it j/, we should have y — tj^gx. 
If through the extremity of all these lines P M, a curve be made to 
pass, they will be its ordinates, and the heights A P or or will be 
its abscissas ; and since y* = 2^ a:, this curve may be taken as a para- 
bola having 2 ^ or 64*364 ft. for its parameter. 

Thus the velocity of a fiuid line passing from a reservoir ai any pointy 
is equal to the ordinate of a paraSbcia^ of whieK twice the action of gravity is 
t/te parameter, the distance of this point below the lecel of the reservoir being the ahscisaa. 

Suppose now, that instead of opening a series of small holes on the face A B, there had been 
perforated in it, from top to bottom, a rectangular slit, of the breadth /; let us find the expressioii 
of the discharge. 

Divide i\& opening, in thought, by means of horizontal lines very near each other, into a 
seriA of small rectangles. The volume of water which will pass from each of these in a second, or 
its discharge, will evidently be equal to the volume of a {H'lsm which shall have for its base the 
small rectangle, and for its height the corresponding ordinate. The sum of all these little prisms, 
or the total discharge, will evidentljr be equal to another prism, having for its base the parabolic 
segment A B G M A, and for its height or thickness, the width of the slit. Now, according to a 
property of the parabola, this segment is two- thirds of the rectangle A B G E, whose sur&ce is 

ABxBG = Hx V2^H. Thus the discharge through the rectangular opening of which H 

expresses the height and / the breadth, is | / H V2^H. 

We now seek the discharge through a rectangular orifice open on the same side, but from B to 
D only, and having the same breadth / ; call A the head A D, on the upp er edg e of the orifice ; the 

discha^^ of the slit which we suppose from A to D would also bef/AV2^A. Now, it is evident 
that the discharge through the rectangular orifice of which B D is the height, will be equal to the 
difference of the discharges through the two slits, and which consequently will be 

4/V2^(HVH-.AV"A). 

Let us revert to the mean velocity ; and first to that which we have when the slit is quite 
open. Let G be the point from which the fluid line animated with this velocity proceeds; 11 we 
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mika A O = X, it will be V2^r ; being multiplied bythe are* of the dit / x H, itmM t give the 
diaohftrge. But we h ave seen that this discharge was also expressed by | ^H ^2gB. ; we shall 

then haye /H V2y;r=|/HV2yH; whence « = 4 H, and consequently r=V2^|H=|V2tfH. 

Thus the mean Telocity will be two-thirds of the velocity of the lower line. In fact, d H, 
which represents the first, is, according to the aboye-mentioned property of the parabola, twt^ 
thirds of B O, which represents the second. 

For the rectangular orifice of which B D or H — A is the height, x' being the height due to 

its mean Telocity, we should in like manner have (H — A) ^ ^2gg' = | / ^2 g (H VH — h ijk) ; 



whence V = ||^ H-A -J' 



Example. — There is a prismatic basin, at the bottom of which is a rectangular orifice *82 ft 
base, and *3987 ft. height; and during the fiowingthe fiuid surface is constantly -7218 ft. aboTe 
the lower edge of the orifice. We th en haTe H = '7218; A = *7218 - '3937 = '3281 ; thus 

, ^ /^•7218 V7218 - -32 8 1 V^8281 V .. ^ ^, ^, , .^ .„ ^ 

* =i\ ^218 - -3281 / = **® **•• <»Mequently the mean Telocity will be 

V2<jx '48 = 5-558 ft. 

D'AubulBson makes the following obserTation, which applies more particularly to the case of 
heads. 

During the flow through an orifice, the surface of the fiuid in the resenroir, starting from 
certain pomts, is cunred, and inclines towards the sid^ in which the orifice is pierced; so that the 
height or Tcrtical distance of the surface, aboTe any part of the orifice, is greater on the up-stream 
side of the points where the inflection begins, than near to and touchins the side. It is the first fit 
these heights or heads which must always be introduced into the formulas of flowing. The 
distance between the orifice and the line where the fiidd surface loins the side is Tery often intro- 
duced (into the formulas); from this there results an error in defidenoy, in estimating the dis- 
charges which, in some cases, Tery rare to be sure, may extend OTen to a tenth of the discharge. 

Such errors diminish when the head increases ; and according to the experiments of IOC. 
Poncelet and Lesbros, who haTe also fully explored this question, they will be insensible when 
the heads exceed *4921 or 6562 ft., say 6 or 8 mches. Tet in Texy great orifices the depression 
of the surface is still perceptible ; D'Aubuisson had seen it from 1^ to 2 in. against the sluice-gates 
of the canal of Lenniedoc, when the two paddle-gates were open. 

If the orifice had a figure different from the rectuigle, the expreosion of the mean Telocity, and 
consequently of the discharge, would be more oomiuioated ; its determination would become a 
TOoblem of analysis of little utility in practice, where great orifices are almost always rectangular. 
The solution of these problems can be seen in the Arohitecture Hydraulique of Belidor ; uid in 
the Hydrodynamique of Bossut. For the present we shall limit ourselTes to that which concerns 
the circle. Designating by d the diameter, by A the head aboTe the centre, we haTe for the 

/ d* d* \ 

expression of the discharge, v'd* v2^ A f 1 - — mtTm "- Ac. j ; this discharge is that 

which corresponds to the Telocity of the centr^ line diminished in the ratio indicated by the 
oomplex factor. 

The discharges, of which we haTe just giTen the expression, are theoretic discharges; for 
reducing them to actual discharges it is necessary to multiply them by the coefficients deduced 
liom experiment. 

These also wUl be furnished us by MM. Poncelet and Lesbros. We indicate them in the 
following Table;-- 



HMdnpcQllM 


Hel|tbt«fOrifloM. 


osntve. 


•ssestt. 


•Sttlft 


•]<ion. 


•M84ft. 


•OSiSft. 


•0328 0. 


ftet 














•08281 












0-712 


'0656 








0-644 


0-667 


0*700 


•0984 






0-644 


0-663 


0-698 


•1312 






0624 0-643 


0-661 




•1640 






0-625 


0-643 


0-660 




•1968 




0-611 


0-627 


0-642 






•8625 




0-612 


0-628 


0-640 






•8281 




0*618 


0-630 


0-638 






•8937 


0-592 


0-614 


631 








•4821 


0597 


0'615 


0-631 








•6562 


0-599 


0-616 


0-631 








•9843 


601 


0-617 










1-6404 


0-603 


0-617 










82809 


0-605 













The numbers aboTe are the true coefilcientsof the oontraetion of the fluid Tein, or the coefildents 
of the reduction of the theoretio discharge to the actual diSbharge; for theory giTes no other 

ganeral fonnula for flowing through orifices than { / V2p(H ^AH — A VA). 
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That which wae established B ^2gh; where A' = } (H + A) applies only to perHcnlar 
yery frequent, to be sure, where A' is tiuee or four times greater than H - A. In the other cases it 
is erroneous, and the coefficients which are adapted to it, and which it has senred to determine, are 
erroneous also : they are the coefficients found above the transverse lines which divide the oolomns. 
(The coefficients below the lines, although determined by the aid of that formula, are aocnrate, 

coinciding with those obtained by the general formula.) Finallv, in the first, mS V2</A', the 
error of the coefficient m is compensated bv the error of the formula, and the discharges which it 
gives are sensibly identical with those of the other; and as it is, besides, more simple, it is 
commonly employed in all cases. 

Example.^Wh&i would be the discharge of a rectangular orifice '9843 ft. wide and '49215 fL 
high, under a head of only -16405 ft. on its upper edge? Here H = -16405 + -49215 = -6562-fL 
and / = '9848 ft. The head on the centre, therefore, is -410125 ft.; the coefficient which corre- 
sponds to this head, according to the above Table, is nearly '603 ; a mean term between - 593 and 

• 614. Thus the discharge wUl be | X ' 603 x ' 9843 X 8 • 02052 ( • 6562 V^6562 - - 16405 V • 16405) 
= 1*476 cub. ft. The ordinary formula, with its coefficient '592, taken from the ordinary Table, 

p. 1893, would have given -592 x '9843 x -49215 x 8 02052 V -410125 = -1473 cub. ft. 

We have a circular vertical orifice of '0888 ft. diameter, with a head of '0592 ft. above the 
centre. What will be the dischu^e ? Here d = '0888 ft., A = -0592 ft. ; so that the expression, 

p. 1907, becomes -012086 (l - -^^ - J^r^ = '011863 cub. ft. This is the theoretic dia^ 
^ * V 56-89 647'3/ 

charge : and to have the actual discharge it is necessary to multiply it by the coefficient indicated 

in the Table. We there find 0*667 for an orifice of 6562 ft. diameter, under a head '0656 ft. 

(or of '0592) ; under this same head, we then also have -0644 for an orifice of -0984 ft., from'which 

we shall take 0*650 for the orifice of -0888 ft. The actual discharge will then be 0-65 x -011863 

= -00771 cub. ft. 

Bydraulic (?aiijr«.«— Darcy's gauge, the extreme accuracy of which has enabled scientific men to 
remove the theory of running water from the domains of speculation into those of almost absolute 
certainty. Daroy's gauge is a modification of an instrument invented by M. Pitot ; and it will be 
necessary to explain the nature and working of this instrument in order to give a complete 
explication of tne one with which M. Darcy's name has become connected. In the year 1732 
M. Pitot communicated to the Academy of Science a discovery which he had made concerning the 
laws that regulate the motion of water in streams ; he presented to that learned body the instru- 
ment by means of which the discoverv had been made. His invention had enabled him to measure 
with considerable accuracy the velocity in any given point of the fluid fillets of which a stream is 
composed, and the discovery which he had made was that the velocity of water decreases as we 
approach the bottom or the sides of the current, a fact that is well known and well understood in the 
present day, but one that before Pitot's time had not been thought of. and that for a long time i^ter 
was warmly disputed in consequence of a false theory then held concerning the motion of fluids. 

Pitot's gauge consisted of a long wooden rod of triangular section, to one face of which two glass 
tubes were flxed. One of these tubes was bent horizontally at its lower extremity ; the other, on 
the contrary, descended vertically to the level of tlie curved portion of the first. Pitot thought that 
if this instrument were exposed to the current of water it would give, by the difference of level 
existing between the two columns of water in the tubes, the height due to the velocity of the fluid 
at the point under consideration ; and that it would then be easy to deduce the required velocity 
by means of the relation Y* = 2 ^ A, A being the difference observed. The idea was an ingenious 
one, and moreover it was new. Yet Pitot's instrument was looked upon by practical men with 
disfavour (although they continued to use it). It was considered a matter of pure speculation from 
which nothing practical could be derived. And to obtain the mean velocity of a stream of water 
recourse was always had, either to vertical floats eoual in length to the depth of the portion of 
water whose mean velocity it was required to flnd, or to some other instrument more or less 
CGjtnplicated and needing the assistance of a time-marker. The reason of this lies in the fact that 
Pitofs instrument, wonderful as it was, was neverthelesB fai some degree founded in error. Beduced 
to its simplest theoretical form it might be constructed of a single glass tube horizontally bent at 
its extremity : the water entering through the harisBontal portion which is exposed to the current, 
holds itself in equilibrium in the vertical tube at a height tii)OYe the surfiwse of the current equal 

to A 3= ~ , T being the velocity of the fluid fillet under consideration. When circumstances 

enable us to measure A and g exactly, we may deduce Y tram tiiis height with sufficient precision. 
But usually the chopping of the water against the outer surface of the tube and its supports does 
not allow us to compare the level of the water in the tube with that of the surface of the stream 
troubled by the presence of the instrument, and even this surface of the stream is not easily 
measured on account of the imdnlations whidi cover it. It was to avoid this difficulty, which 
Pitot no doubt discovered by experience, that he added the second tube, the lower end of which 
was beneath the surface of the water. 

Pitot thought that the level of the water in the straight tube mqst be eoual to that of the 
surface of the stream, and that in this way the difference of level dt A, the height due to the 
velocity, might be readily obtained. Here Uy the first error. When a straight tube is placed in a 
stream of water, the water in the tube stands below the superficies of the s€«am by a quantity in 
-a constant ratio with the square of the velodtv of the fluid flllet passing beneath its lower orifice. 
Thus the difference A between the levels of the water in the tubes represents a quantity greater 
than the height due to the actual velocity of the fluid flllet in question. Hence arose an error 
which rendered Pitot's conclusions inexact Beside s this, the oscillations were very strong in tubes 
80 arranged, especially as the orifices had the same diameter as the tubes ; nay more, it was even 
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deemed necesaary to make these orifices funnel-shaped. Thus we see how it was that Pitot's tuhe 
could be of no practical use. In the first place its construction was founded upon an enoneouB 
principle, and in the second place the oscillations which took place in the tubes rendered it 
impossible to estimate truly, especially in the case of feeble velocities, the required difference of 
level. 

We will now consider the modifications which Darcy has made in Pitof s instrument, modifi- 
cations that have rendered it exact in its results and easy of application. Many careful experiments 
showed him that if, in a stream of water, in any point of the fluid having a velocity Y, we place « 
vertical tube bent horizontally at its lower extremitv, and having its orifice placed first against tiie 
stream, then in the direction of this latter, and lastly rectangularly to its direction, there exists a 

V* 

constant relation between the theoretical height ^ due to the velocity of the fillet under oonsider- 

ation, and the (quantities h\ A", h"' ; h* representing in the first case the height by which the level 
rises in the vertical branch above the surface of the stream ; h" and h"' the quantities by which the 
level sinks below the surface of the same stream on the other two hypotheses. In this way, like 
General Anstruther, he changes the erroneous value given to g. We may therefore state ; — 

V* , V" „ V* „, 

2g ' 2g ' 2g ' 

combining either the first and second, or the first and third of these equatioiiB;— 



^ = ^zSt'^^j^^A' + A") = m V2i^(A' + A"): 

Wl + TO 

V = \/- 



mm" 



m + m 



r,^2g{h' + h"') = ii!j2g{K-\-ir\ 



Seeking in the tables the velocities corresponding to the heights V + A", A' + A"', we find velocities 
V and V"; the above equations become therefore V = /*¥' and V = /i' V". It will be seen 
from this that it is not necessary to know the level of the surface of the water in which the instru- 
ment is placed in order to determine the required velocity. And it must be remarked further that 
the oscillations in the tubes have been almost nullified bv giving the orifices a diameter of only 
1} millimetre, whilst that of the tubes is 1 centim^tra But as wese oscillations, however feeble 
the^ might be, would still cause the observer some trouble, a cock has been added by means of 
which the lower orifices of the tubes may be closed simultaneously. These orifices being dosed, 
all communication with the stream is cut off, and the difference may be read upon the tubes and 
the velocity deduced with perfect ease and precision. 

Darcy's gauge possessea another im]x>rtant modification. Most hydrometrical instruments have 
the grave defect of altering the velocity which they are designed to measure, by the disturbance 
which they cause in the fiuid mass. ItT was necessary therefore to diminish the size of the gauge, 
and to remove as far as possible from the divided scale upon which the tubes are fixed, the orifices 
through which th/B fiuia fillet enters whose velocity it is required to determine. To obtain this 
double result the scale to which the tubes are fixed is made as thin as possible and bevelled, and 
copper tubes of a very small diameter afiixed below to the plass tubes, the ajutages being placed 
at the extremity of these copper tubes. Here another question arises ; How are we to measure the 
velocities at the surface or even of the whole liquid mass equal in depth to the length of the copper 
tubes through which the water cannot be seen ? This result has been obtained by the following 
means : the two glass tubes communicate with each other in their upper portion by means of a 
copper tube which is hermetically adjusted to them ; upon this copper tube a cock is placed which, 
according as it is open or shut, puts the tubes in communication with the atmosphere, or cuts off 
this communication. Above this cock is a little mouth-piece, by means of which an imperfect 
vacuum is produced bv suction ; the water ascends in the glass tubes to the height desired, and is 
kept in that position by closing the code which cuts off the communication with the atmosphere. 
The upper c(xsk offers the additional advantase of enabling the operator to determine, with an 
instrument of a height much less than the depth of the stream, the velocity of the latter at a given 
depth. To effect this, he has merely to lower the instrument 1, 2, or 3 mMre^ into the water by 
means of an iron rod, to which it is ued in such a way as to preserve its mobility about a vertical 
axis, and the orifice of the horizontal portion of Pitot's tube is kept directed against the stream by 
means of a kind of rudder. 

In the former case the instrument acts under dilated air; in the latter under more or less 
compressed air. But it is evident that in both cases the differences of level between the tubes are 
the same as if the operation were performed under the infiuence of atmospheric pressure. 

Fig. 4015 represents the most approved form of Darov's gauge. The vertical glass tubes are 
I ""'25 in length; the two small copper tubes placed on the lower portion are enclosed in a kind 
of box, also of copper. Figs, 4015 and 4018, 0»-77 long, 0--06 broad, and only 0«-011 thick; 
this box ends on both sides in a sharp angle for the purpose of lessening as much as possible the 
shock of the water, a result which is perfectly obtained, as the instrument when placed in the 
water causes no appreciable disturbance. 

The measurement of the velocities in a given point of the section of a stream is effected in the 
following manner. Above the stream, at the point at which the experiments are to be made, a 
slight temporary bridge is constructed, and a stoutish rail fixed for the purpose of supporting the 
weight of the instrument. On the back of the gauge-tube is an arrangement by means of whioh, 
with the aid of a thumb-ecrew, it may be fixed at the height necessary to bring the ends of the 
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of well ; the water contained in this well waa in commnnioation with the soz^imding water only 
at the bottom by means of email holes in the casing. The object of this arrangement was to pro- 
vent the irregular motion of the surface from disturbing the float. The assistant whose da^ it 
was to attend to the water-gates, was able, by glancing to this dial, to keep the IctoI of the water 
constant within 1 or 2 centimetres. 

8ee Abchikxdiah Bgbew. Barker's Mill^ BASomrEB. Babrags. Boiler. Canal 
Dammino. Displacement. Float Water-wheels. Htdraulio Machines^ Varieties of, Pcmfs 
Ain) PuMPma Engines. Beberyoibs. Biters. Turbine Water-wheeia Weirs. 

HYDBAXTLIG machines, Vabibtubb of. Fb., ifacAmM htfdrauiiques ; Qeb., Waster* 

nuuchinenL 

Bydraulio Motors. — It is an incontestable fact that hydraulic motors render great and fireqnent 
service to industry ; for though they are not adequate to every emergency, as steam-engines are, 
they possess the no small advantage of requiring only the first outlay necessary to establish them, 
the redemption of which with the interest accruing thereto, added to the expense of repairing, 
which is very small, constitute the only general costs of the motive power of a mill dnven by 
water. 

The disadvantage inherent to hydraulic motors lies in the variations of level and yolume to 
which a fall of water is liable ; whence it follows that the power employed through its medium is 
not constant throughout the year ; in some seasons it may be insufficient, in others greater than 
the requirements of the mill demand. But, as the productive power of a mill must generally be 
regular and constant, the regulating the power of water-courses becomes a matter of great 
importance. UnhappOy the causes of the variations of level and yolume in a stream of water are 
such that, in most cases, they can be only imperfectly counteracted, for the remedy consists simply 
in establishing large reservoirs in which the water may accumulate during the rainv seasons, and 
from which it may oe drawn in nearly constant quantities, so that the uniform and constant dis- 
charge a minute, for example, multiplied by the number of minutes in the year, would give the 
total volume furnished in that space of time by the dam in question. This exactness; however, 
cannot be attained ; but we have not jet succeeded in establishing a rational state of things. The 
periodic and frequent inundations which take place show how little care we take to profit as much 
as possible by a motive power which nature ofl&rs us almost for nothing. A few barrage-reservoirs 
have indeed been constructed here and there; but their number is greatly inadequate to the 
requirements of industry, and their construction has not yet tempted private speculation and 
energy. If the enormous sums of money which have been sent out of the country to be swallowed 
up in bubble undertakings had been expended in Improving our water-courses, navigation, agri- 
culture, and manufactures of all kinds would have received immense benefits. 

Our examination of motors, or more accurately, hydmulic receptacles^ will c(»nprise the three 
following categories; — 1, ordinary hydraulic wheels with a horizontal axle, utilizing either the 
weight of the water or the veloci^ due to its fall ; 2, tiwhines with a verti(»I and with a horizontal 
axis, utilizing the yelocity and consequently the vis viva of the water ; 3, reciprooatory engines, or 
motors worked by water pressure, in which the water acts upon a piston having an alternating 
rectilinear motion. We purpose here to show the actual state of progress realized in the construction 
of this widely-known class of motors. 

Preliminary General Notions. — ^The gross power of a water-mill is found by multiplying the 
weight P of the yolume furnished by the stream a second, by the height H of the fall. Diinding 
this product by 75 kilogramm^tres (the work corresponding to I horse-power) we get the gross 
power F expressed in horse-power, 

F = ^. [1] 

The effective power of the mill depends solely upon the kind of motor adopted ; it is the product 
of the gross power by the useful effect K of the motor ; — 

Effective power F^ = K ^ . [2] 

It is therefore necessary in each particular case to choose the motor best adapted to the conditions 
of fall and volume in the stream to be used. The rules for the establishing of water-wheels ai6 
the object of a special study, and would be out of place here ; but we will ^ow the application of 
them in the critical examination which we purpose to make. 

Common Water-wheels with a Horizontal Axle. — ^These comprise three principal classes ; — 

Wheels which receive the water on the top, or in a point situate between the summit and the v 
horizontal plane passing through the axis. These are called overshot wheels. 

Wheels which receive the water between their centre and the bottom. These are called 
hreast'-wheels. 

Wheels which receive the water at the bottom, and upon which the water arrives with a 
yelocity due to a height nearly equal to that of the fall. These are called undershot wheels. 

Overshot Wheels.^Theee wheels are applicable to high falls, that is, comprised between 3 and 
12 m^res ; above this limit their construction becomes difficult and costly. 

When the stream has only a very small discharge, not exceeding 800 litres a second, the canal 
which brings the water to the wheel is brought out to the crown of the wheel by a kind of trough, 
the bottom of which is cylindrical, a, nearly concentric with the wheel iteelf. Fig. 4025. 1^ 
bottom, which is usually of wood, terminates in a horizontal plank forming the overfall, which is 
placed at about 0"»-400 short of the vertical line drawn through the axis of the wheel. The 
water flows over in a sheet, the thickness of which must not exceed 0«'150 to O^^OO at the 
most. 
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frll inontafid by 1 mitre. There is nothing absolute about this mle ; it is subordinate to the 
oondition of obtaining on the ready {ntiodaction of water into the wheel, and a convenient form 
for the ba<d[ets. As this wheel mores in the direction of the wtXer in the lower race, it may 
be submerged to a certain degree, 0*"*10 to 0***12. It may receive 240 litres a second to the 
mitre of breadth, and its efrectlve work is from 0' 65 to 0*72. 

The shaft of a bucket-wheel may be of wrought iron, cast iron, or wood ; the arms may be 
of the nme materials, but they are usually fixed in cast-iron sockets bolted to the shaft. When 
the backets sre of plate iron, they are usually curved according to a cylindrical surface. 

Figs. 4028 to 4035 represent a trough • bucket wheel constructed wholly of iron. The 
diameter of this wheel is 10 mitres, and its breadth 1 mitre; it weighs, including its shaft 
and gearing, about 18,000 kilogrammes. The wheel, which is fixed upon a cast-iron shall, 
carries 120 buckets of plate iron ; the arms are of I iron. Against one of its shroudings, and 
firmly bolted to the arms, is a toothed wheel, composed of twelve segments. A bracing of oblique 
wrought-iron ties prevents the transverse wsjping of the wheel. The shrouding and the buckets 
are m plate iron ; these buckets are riveted to the shrouding by means of angle-iron. 

Brmut^heelt. — ^Under this name are included those wheels which are enclosed in a circular 
breast or arc, and which receive the water at a point situate between their centre and their lowest 
part. 

Let us denote by H the whole fall made use of by the wheel, that is, the difference of the 
height of the levels in the upper and lower mill-race ; by h the fall utilized by the wheel, that 
is, the height of the point at which the water is anplied to the wheel above the level of the 
lower race ; by Y the velocity of the water on its arrival upon the wheel ; by v the velocity of a 
point of the periphery of the wheel ; and by P the weight of the volume of water expended a 
second. Theory readily leads to the expression of the useful effect or work T of the wheel as 
a function of these quantities. We have 



T = PA-f--(Vcos.Ve-«)i>; 

9 



[3] 
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